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[bookmark: _Ref32248407]Introduction
The Rel-17 WID for further enhancements on MIMO (FeMIMO) includes the following objective:
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 

This document focuses on PDCCH reliability part. The company proposals are summarized, and further discussions are to be carried on based on the Chairman’s guidance:
[102-e-NR-feMIMO-02] Email discussion on enhancements on multi-TRP for PDCCH by 8/28 – Mostafa (Qualcomm)
· Prioritize topics to be resolved in RAN1#102-e by 8/19 (EVM should be highest priority)
High Priority Items for RAN1#102e
This section includes two high-priority items for this meeting: EVM and categorization / alternatives based on companies’ proposals. For the second item (Section 2.2), the main goal is to agree on some alternatives, which can help the down-selection in future meetings. There is no plan for down-selection in RAN1#102e.
EVM for General Assumptions and PDCCH LLS
Evaluation methodology / assumptions for multi-TRP PDCCH have been discussed offline (“Phase 2 - FeMIMO EVM Item 2a”). Detailed comments from each individual company can be found in Appendix. Followed by Phase 2 input, Phase 2 EVM discussion has concluded, and the final document includes two final proposals: One proposal for general channel model / antennas parameters, etc. by reusing Rel. 16 agreed tables (in TR38.824), and another proposal with 4 tables corresponding to “Common assumptions for PDCCH/PUCCH/PUSCH”, “Detailed assumptions for PDCCH”, “Detailed assumptions for PUCCH”, and “Detailed assumptions for PUSCH”. Subsequently, no proposal could be found in RAN1#102e company contributions to modify the Phase 2 final proposals. Hence, the outcome of Phase 2 offline discussion is assumed to be stable. The following proposal focuses on the general EVM for 2a as well as specific PDCCH EVM:
Proposal 1 (Outcome of Phase 2 offline discussion): 
· According to the evaluation scenario (e.g., at FR1 in urban macro / at FR1 in indoor hotspot / at FR2 in indoor hotspot), one of three Tables (Table A.3-1 ~ A.3-3) in appendix can be a baseline of EVM for Rel-17 FeMIMO item 2a.
· System bandwidth other than those mentioned in the Tables can be considered and reported by the companies. 
· In addition, the following table is used for EVM for Rel-17 FeMIMO item 2a (Common assumptions for PDCCH/PUCCH/PUSCH)
	Parameters
	Potential values

	The number of TRPs
	2

	Channel model
	TDL for FR1 (CDL for FR1 can be optionally used)
CDL for FR2 (TDL for FR2 can be optionally used)

	Path-loss modeling
	{0,3,6} dB gap between TRPs

	Blockage
	Option 1: Blockage model from Rel-16 (x dB power offset with probability p): Companies to report x and p, and other assumptions, if any.

	Target BLER
	[10^-3, 10^-4, 10^-5]: BLER values shown in plots should be based on enough number of samples, e.g., ~100/BLER samples



· The following table is used for detailed assumptions for PDCCH
	Parameters
	Potential values

	Baseline schemes
	Option 1: Rel-15 PDCCH
Option 2: Spec transparent SFN
For FR1: Both options 1 and 2 can be considered
For FR2: Option 1.

	AL
	8 as baseline. Companies are encouraged to simulate other AL’s additionally for different code rate regimes.

	# of RBs/symbols
	1 or 2 symbols. Companies to report # of RBs. 

	DCI payload
	40+24(CRC)=64 as baseline. Other payload values are not precluded. 

	CCE-to-REG mapping
	Both Interleaved and non-interleaved can be considered. Companies to report the assumptions including interleaverSize in the case of interleaved.

	REG bundling size
	6 and 2 as baseline.

	Precoding assumptions
	Precoding cycling, precoder granularity=REG bundle as baseline.
Closed-loop precoding can be used optionally

	Schemes
	Details of the schemes used (including TDM,FDM, etc.) to be reported by companies.

	Receiver assumption 
	Up to companies to report



As mentioned, proposal above is expected to be stable. The table below is added just in case there are minor last-minute comments:
	Company
	Comments

	Apple
	Support the proposal

	vivo
	We are fine with the proposal in general. However, after reviewing contribution we noticed some phenomena on simulated curves thus we tried to verify as below. What we observed is that there is error floor in the curves in the case of blockage assuming the channel is continuous however there is no such phenomena if the channel is i.i.d. We think it may impact the conclusion/observation thus should be clarified in simulations.
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	ZTE
	Support the proposal

	LG
	Support the proposal

	Ericsson
	Support the proposal

	NEC
	Support the proposal

	OPPO
	Support the proposal

	NTT DOCOMO
	Support the proposal

	Lenovo/Motorola Mobility
	Support the proposal

	InterDigital
	Overall, we support the proposal. However, we have some concerns related to the blockage model. We believe that it is important to have an agreement on a set of p and x values (x dB power offset with probability p), as during the Rel-16 discussion some results were disputed as companies did not agree with the p and x values used by others.

	Nokia/NSB
	Support the proposal 

	Convida Wireless
	Support the proposal 

	Intel
	Support the proposal

	Futurewei
	Support the proposal

	CATT
	Support the proposal

	Huawei, Hisilicon
	Support the proposal. 
To avoid redundant discussion for blockage model, we can reuse parameter values of x and p used for R16 simulations, which supported progress for R16 scheme design. In addition, we can remove “option 1” in the row for blockage as it’s the only option.

	vivo2
	Companies to clarify their assumption whether wireless channel is continuous or i.i.d.



Categorization and Alternatives Based on Proposals
Based on RAN1 102e contributions shown in References (see also Section 4 for detailed proposals), proposals can be categorized into three main issues (+ other issues):
· Multiplexing schemes (TDM / FDM / SDM)
· Framework to enable multi-TCI state PDCCH
· Joint vs separate encoding (no repetition vs repetition)
In general, there is dependency between the three issues above and a decision for one issue may impact the decision for another issue. Hence, it is suggested to focus on alternatives for each issue, and discuss the dependency when applicable.
For the first issue (multiplexing schemes), companies views are as follows:
· TDM: FUTUREWEI, Vivo, ZTE, NEC, Lenovo/Motorola Mobility, OPPO, TDM, Ericsson, Convida Wireless, LG (higher priority), AsusTek, Nokia, Qualcomm, Intel, CATT, Huawei, HiSilicon
· FDM: Vivo, Lenovo/Motorola Mobility, OPPO, Ericsson, Apple, Convida, LG, Qualcomm, Intel, CATT, Huawei, HiSilicon
· SDM (non-transparent SFN): Vivo, CATT, CMCC, LG, Huawei, HiSilicon
· SDM (two DMRS ports): CATT (can be discussed), Lenovo/Motorola Mobility
· Notes: FUTUREWEI also mentions SDM but not explicitly clear from contribution if it refers to SFN or two ports
As mentioned by multiple companies, from specification perspective, SDM scheme with two ports has significant specification impact. Hence, it is suggested to deprioritize it. Majority of companies support TDM case as it can be also used for single Rx beam UEs in FR2. For TDM case, the specification impact may be different for intra-slot case versus inter-slot case (e.g. in terms of K0 indication or in terms of BD/CCE counting limit). Hence the two cases should be discussed having those aspects in mind. It is mentioned by multiple companies that FDM has advantage in term of latency but requires two Rx beams in FR2. SFN SDM scheme is proposed by some companies and it can be further studied, which may be also dependent on the progress of item 2d (HST-SFN). In addition, combinations of schemes are discussed by some companies. It is suggested to focus on the three schemes below initially, and combination of schemes can be discussed later. The following proposal can be discussed, and further refined based on the inputs:
Proposal 2: For mTRP PDCCH reliability enhancements, study the following multiplexing schemes
· TDM: Two sets of symbols of the PDCCH / two non-overlapping (in time) PDCCH repetitions have different TCI states
· The two sets are completely overlapping in frequency domain.
· Aspects and specification impacts related to intra-slot vs inter-slot to be discussed
· FDM: Two sets of REG bundles / CCEs of the PDCCH / two non-overlapping (in frequency) PDCCH repetitions have different TCI states
· The two sets are completely overlapping in time domain
· SFN: PDCCH DMRS is associated with two TCI states in all REGs/CCEs of the PDCCH
· Note: There is dependency between this scheme and AI 2d (HST-SFN)
· Note: Combinations of the schemes are not precluded, and they can be discussed at a later stage.
Please provide your input wrt description of different schemes in the above proposal as well as any other potential scheme that should be treated with high priority
	Company
	Comments

	MediaTek
	We basically prefer TDM. In addition, we could also have TDM + FDM scheme (nonoverlapping in time and freq). For example, if we use Alt3 for the second issue, the gNB can transmit two PDCCHs in two SS sets in two different CORESETs.

	Apple
	Support the proposal. 

	ZTE
	Two repeated PDCCHs corresponding to independent CORESET and SS can support both TDM and FDM schemes. In such case, for TDM, two sets of symbols can be able to non-overlapping in frequency domain. Likewise for FDM. 
Therefore, we suggest making TDM/FDM schemes more general as 

Proposal 2: For mTRP PDCCH reliability enhancements, study the following multiplexing schemes
· TDM: Two sets of symbols of the PDCCH or two PDCCH repetitions have different TCI states
· The two sets are completely overlapping in frequency domain.
· Aspects and specification impacts related to intra-slot vs inter-slot to be discussed
· FDM: Two sets of REG bundles / CCEs of the PDCCH or two PDCCH repetitions have different TCI states
· The two sets are completely overlapping in time domain
· SFN: PDCCH DMRS is associated with two TCI states in all REGs/CCEs of the PDCCH
· Note: There is dependency between this scheme and AI 2d (HST-SFN)
· Note: Combinations of the schemes are not precluded, and they can be discussed at a later stage.


	Xiaomi
	Support the proposal.

	LG
	Regarding ZTE’s proposal, I understand the intention but it is quite controversial the meaning of two PDCCHs and repetition. Specifically, some companies see PDCCH repetition as just one PDCCH, and it is not clear whether repetition means the same DCI payload bits or not. In this sense, original wording is more generic. Also, we are fine with the description about resource overlapping. Since the Note says combination schemes are not precluded, we can further consider FDM+TDM with the original proposal by QC.

	Ericsson
	We agree with ZTE modifications. The FL proposal assumes that there is a single PDCCH where resources (symbols/REG/CCE) have different TCI states and is not generic enough. Several companies assumed that two PDCCH are transmitted with the same DCI payload (PDCCH repetition), one per TCI state. So either we discuss this issue first (one or two PDCCH), or we modify the proposal according to ZTE. Also, of two CORESETS are used, the repetition can be partially or non-overlapping, so striking our the subbullets (as in ZTE proposal) is necessary. 

	NEC
	Support the modified proposal from ZTE.

	OPPO
	Support ZTE’s modification

	CMCC
	Support the modified proposal from ZTE.

	Spreadtrum
	Support modified proposal from ZTE. For example, there is no strict restriction on overlapping level in time domain and/or frequency domain for Alt.3 in Proposal 3.

	Sony
	Basically, Sony agree with the proposal.  We think TDM is the most important for single RX antenna panel UE. Regarding TDM, why the restriction “The two sets are completely overlapping in frequency domain.” is needed?  Time domain and frequency domain is orthogonal relationship. We don’t need the restriction.

	NTT DOCOMO
	We also think that TDM+FDM should be considered.
Like ZTE said, for TDM, two sets of symbols can be able to non-overlapping in frequency domain. Likewise for FDM.
Regarding ZTE’s modifications, to avoid misunderstanding, it is better to clarify that one PDCCH means the PDCCH is transmitted with the complete DCI payload.

	Lenovo/Motorola Mobility
	We generally support the modified proposals from ZTE. It is not quite clear whether non-transparent SFN and SDM are same or different, so we should change it SFN/SDM. SDM scheme can achieve good spectrum efficiency and should be studied. 

	Sharp
	We support the modification of ZTE’s proposal.

	InterDigital
	Have a similar view as ZTE

	Fraunhofer
	Agree with ZTE’s modification of the proposal

	Nokia/NSB
	Agree with ZTE update. 

	Convida Wireless
	Support modified proposal from ZTE.

	Intel
	The modified proposal from ZTE is in the right direction. However, it not clear what is “the PDCCH” – is it a candidate PDCCH ? its possible that two PDCCH candidates from 2 TRPs can also (partially) overlap. Then we would like to add “Aspects such as overlap of 2 PDCCH candidates in time/frequency to be discussed”

	FL’s update
	Modification from ZTE is taken into account in the proposal (with track change). Original language intended to describe schemes irrespective of repetition or not, but it is perhaps better to clarify further using ZTE’s suggestion. 
Regarding the comment from MediaTek / ZTE / Sony, the new language in Alt1/2 also includes nonoverlapping in time and freq. This may be different that combination of TDM+FDM (e.g. some repetitions TDMed, some other repetitions FDMed), which can be discussed later if needed. 
Regarding LG’s comment, we can discuss aspects related to repetition (same DCI), multi-opportunity (selection), and non-repetition as part of proposal 4.
Regarding Lenovo/Motorola Mobility’s comment, SFN in the third bullet refers to one DMRS port with 2 TCI states. From FL’s perspective, it is better to not introduce more schemes (PDCCH with 2 DMRS ports) with high priority at this stage especially given that it may have significantly more spec impact and also given the fact that it is not preferred by majority at this stage.
Regarding Intel’s comment, that is valid point but FDM and TDM by definition are not overlapping (in REs). Partial overlap belongs to the category of combination of schemes and does not have high priority. 

	Futurewei
	Support the updated proposal

	CATT
	We agree with FL’s update in principle. However, we think the definition of PDCCH repetition should be clarified. Depending on detailed enhancement scheme, each repetition could be a copy of exact the same DCI or a different DCI. But in our understanding, repetition means that the DCI in each of repetitions schedules the same PDSCH/PUSCH/RS, irrespective the DCI in each repetition is same or not.
In addition, as shown in our contribution, we also support TDM and FDM. 

	LG (2nd round)
	Proposal 2 rules out PDCCH scheme option 3 in Proposal 4. We suggest the following revision:
Proposal 2: For mTRP PDCCH reliability enhancements, study the following multiplexing schemes
· TDM: Two sets of symbols of the PDCCH / non-overlapping (in time) PDCCH repetitions / non-overlapping (in time) multi-chance PDCCH associated with two different TCI states
· Aspects and specification impacts related to intra-slot vs inter-slot to be discussed
· FDM: Two sets of REG bundles / CCEs of the PDCCH / non-overlapping (in frequency) PDCCH repetitions / non-overlapping (in frequency) multi-chance PDCCH associated with two different TCI states
· SFN: PDCCH DMRS is associated with two TCI states in all REGs/CCEs of the PDCCH
· Note: There is dependency between this scheme and AI 2d (HST-SFN)
· Note: Combinations of the schemes are not precluded, and they can be discussed at a later stage.


	ZTE2
	We are OK with FL’s update proposal

	DOCOMO2
	We support FL’s proposal and we are fine with LG’s update to align with proposal 4.

	MediaTek2
	We are fine with the FL’s proposal. We also share the same view as CATT. Current definition of repetition is quite broad. Also, we have a question to LG. Does multi chance PDCCH mean that two PDCCH are separately encoded and can have different payload sizes without linkage? So, the UE cannot do combining, right?

	Samsung
	Regarding SFN, if PDCCH-SFN is designed based on a single DMRS port with multiple TCI states, then it will be a single CORESET with two TCI states. Then, we suggest adding of following note:
· SFN: PDCCH DMRS is associated with two TCI states in all REGs/CCEs of the PDCCH
· Note: There is dependency between this scheme and AI 2d (HST-SFN)
· Note: This issue is to be discussed in Alt 1 in Proposal 3.

	Huawei, Hisilicon
	Support the updated proposal.

	LG
	Regarding MediaTek’s question, we have same understanding, which means two PDCCH are separately encoded and can have different payload sizes without linkage so the UE cannot do combining. In addition, DCI payload bits can be same or different depending on DCI format/unicast/broadcast DCI or FDM/TDM but DCI payload size is the same.


	CATT2
	Based on current proposal 2, partial overlapping between TDM and FDM exists. For example, the two transmissions could be two sets of symbols of the PDCCH / two non-overlapping (in time) PDCCH repetitions having different TCI states and could still be allocated with different frequency resources (FDM). If it’s the correct understanding, TDM+FDM can be categorized as either TDM or FDM, but not a combined scheme. 

	Vivo
	We generally support the updated version of LG(2nd round).  The multi-chance PDCCH includes the payload can be different per chance of PDCCH.
Based on the current proposal, the restriction on overlapping for TDM and FDM is removed which creates confusion on the case shown in figure below is TDM or FDM . 


We think it can be seen as FDM scheme with non-overlap in time or seen as TDM scheme with non-overlap in frequency. In order to explicitly distinguish two schemes, we prefer to keep the initial definition:
--- Definition of TDM: The two sets are completely overlapping in frequency domain
--- Definition of FDM: The two sets are completely overlapping in time domain

	Nokia/NSB 2
	We are fine with FL proposal. 
Few comments on suggestions made by few companies, 
PDCCH repetition may have broad meaning and that seems to be covering multi-chance proposal that LG propose to include here. We do like not to define additional terminology like, multi-chance. 
Samsung’s suggestion on “This issue is to be discussed in Alt 1 in Proposal 3” creating dependency on proposals. We do not think that is good approach, as nothing is precluded to study based on FL suggestion here. 
Vivo’s suggestion seems to be covered by the last note of the FL proposal. So, no changes are required. 

	MediaTek
	We agree with Nokia. We don’t need to add another terminology like multi-chance. In our understanding, it is also kind of repetition with different payload size. Association between two PDCCHs can be discussed for the discussion of soft combining.

	Intel2
	We are supportive of TDM/FDM multiplexing for soft-combining case. The key concern we have is whether overlap is restricted because this leads to scheduling restrictions at the NW. In Rel-15, CORESETs from different TRPs can have arbitrary overlap – therefore this is the starting point. Of course candidates for soft-combining should not overlap but in general (selection diversity) PDCCH candidates from 2 TRPs could overlap (in both FR1+FR2). we can condition the proposal to soft-combining only or clarify how overlap is handled
· Two PDCCH candidates with overlapped REs (Note: this is not applicable for soft-combining)



FL update: 
Suggestion from LG is followed, which is also supported by Docomo and Vivo. Nokia / MediaTek prefers to not introduce new terminology (e.g. multi-chance). However, given that this is just a naming, it helps us refer to different cases easier. The Option 2 and Option 3 in Proposal 4 are clearly different in terms of spec impact / restrictions / etc., and should be separated. Calling both “repetitions” will cause confusion. Further details related to repetition are discussed in proposal 4, and they do not need to be elaborated here again. 
Samsung commented that SFN should be based on Alt1 of Proposal 3. However, we have not yet discussed which scheme / alternatives / options in proposals 2-4 can be consistent or can be combined together as also commented by Nokia.
Vivo prefers to go back to the earlier definition of TDM and FDM. However, some other companies in the previous round suggested the more general definitions. At this stage, keeping it more general would be ok to not prelude other cases. The example given by Vivo / CATT is TDM as well as FDM (i.e. strict definition is not needed yet as aspects of proposal 3 and 4 also should be studies jointly later with TDM/FDM aspect). 
Intel suggested to also list overlapped REs. One question for clarification: How does a UE estimate DMRS if REs are overlapping given that they correspond to different TCI states (even in the absence of soft-combining)? Is the intention SFN or SDM with 2 ports, or some other mechanism for channel estimation is intended?
Updated Proposal 2: For mTRP PDCCH reliability enhancements, study the following multiplexing schemes
· TDM: Two sets of symbols of the PDCCH / two non-overlapping (in time) PDCCH repetitions / non-overlapping (in time) multi-chance PDCCH have are associated with different TCI states
· Aspects and specification impacts related to intra-slot vs inter-slot to be discussed
· FDM: Two sets of REG bundles / CCEs of the PDCCH / two non-overlapping (in frequency) PDCCH repetitions / non-overlapping (in frequency) multi-chance PDCCH have are associated with different TCI states
· SFN: PDCCH DMRS is associated with two TCI states in all REGs/CCEs of the PDCCH
· Note: There is dependency between this scheme and AI 2d (HST-SFN)
· Note: Combinations of the schemes are not precluded, and they can be discussed at a later stage.


For the second issue (framework to enable multi-TCI state PDCCH), companies’ views are as follows:
· Alt1: One CORESET with 2 TCI states 
· Vivo (as starting point), CATT, Lenovo/Motorola Mobility, Intel, OPPO, Samsung, Apple, LG, NTT DOCOMO, Nokia, Qualcomm, CMCC, CATT, Huawei, HiSilicon (two candidates/SSS with two TCI states)
· Alt2: One SS set with 2 CORESETs 
· Vivo, Lenovo/Motorola Mobility, OPPO, DCM, Ericsson, Convida, CATT
· Alt3: Two SS sets and two corresponding CORESETs
· Vivo, MTK, CATT, OPPO, Huawei, Ericsson, ZTE, Lenovo/Motorola Mobility, Convida, Intel, Huawei, HiSilicon
· Notes:
· Fraunhofer mentions 2 CORESETs with different CORESETPoolIndex values but not clear explicitly from contribution if Alt2 or Alt3 is intended.
· Intel mentions inter-CORESET approach (in addition to intra-CORESET), but not clear explicitly from contribution if Alt2 or Alt3 is intended.
· Vivo mentions another Alt with 2 SS sets with one CORESET that has 2 TCI states
Different pros and cons for the alternatives above are mentioned by companies. In terms of specification impact, the following aspects should be further studied for each alternative: Multiplexing schemes (TDM / FDM / SDM), BD/CCE limits, overbooking, CCE-REG mapping, PDCCH candidate CCEs (i.e., hashing function), CORESET / SS set configuration changes, as well as other procedural changes that are a function of PDCCH reception.  Hence, it is suggested to focus on the three alternatives above. Ideally, down selection to only one of the alternatives in early stage of Rel. 17 is desirable so that there is enough time for the details. 
Proposal 3: To enable a PDCCH transmission with two TCI states, study pros and cons of the following alternatives:
· Alt 1: Support oOne CORESET with two active TCI states
· Alt 2: Support oOne SS set to be associated with two different CORESETs / TCI states
· Alt 3: Support one PDCCH candidate to be defined in tTwo SS sets associated with corresponding CORESETsS / TCI states
· At least the following aspects can be considered: multiplexing schemes (TDM / FDM / SDM), BD/CCE limits, overbooking, CCE-REG mapping, PDCCH candidate CCEs (i.e. hashing function), CORESET / SS set configurations, and other procedural impacts.
· Note: Strive to down-select to one alternative in RAN1#103-e 
· Note： 2 CORESETs can be associated with different CORESETPoolIndex values.
Please provide your input wrt description of different alternative in the above proposal as well as any other potential alternative that should be treated with high priority. In addition, please mention any other aspect (in addition to what’s mentioned above) that should be considered for comparison.
	Company
	Comments

	MediaTek
	Support Alt 3 with slight modification. We prefer separate encoding of two PDCCHs (repetition) in two SS sets associated with corresponding CORESETs. This scheme provides flexible resource allocation in time and freq domain. Less spec impact thanks to reuse of exiting configurations of SS sets and CORESETs. Also, we don’t need to introduce two TCI states for a CORESET. Also, this design is aligned with M-DCI MTRP where each TRP is transmitting a PDCCH using corresponding CORESET.

	Apple
	Support the proposal 

	ZTE
	We have the same view with MediaTek for Alt3.  Suggest changing Alt.3 or include one more option as 
· Alt 3: Support PDCCH repetitions which correspond to separate CORESETs and SSs.
With the modified Alt3, most flexibility can be achieved. gNB can either transmit one(no repetition) or two PDCCH repetitions. The spec impact is quite limited if UE does not need to do soft combining.

	Xiaomi
	Support the proposal.

	LG
	Alt 3 describes second level detail. It can be one PDCCH candidate or two PDCCH candidate as MediaTek mentioned. We suggest to revise Alt3 to align with other alts in the same level.
· Revised Alt 3: Support two SS sets associated with corresponding CORESETS


	Ericsson
	Support the proposal

	NEC
	We are fine with the modified Alt 3 either from ZTE or LG.

	OPPO
	Support the proposal

	CMCC
	Support the modified proposal from LG.

	Spreadtrum
	Fine with the modified Alt 3 from LG

	Sony 
	We support Alt1.

	NTT DOCOMO
	We support the FL proposal and fine with LG’s update.

	Lenovo/Motorola Mobility
	We are fine with ZTE or LG modified version.

	Sharp
	We support the FL’s proposal and fine with LG’s modification

	InterDigital
	Support and understand the intention of proposals. However, for more clarity and have a same tone as Alt1, we suggest the following clarifications:
· Alt 2: Support one SS set to be associated with two different CORESETs/TCI states 
· Alt 3: Support one PDCCH candidate to be defined in two SS sets associated with corresponding CORESETS/TCI states

	Fraunhofer
	Support the FL’s proposal with LG’s or ZTE’s modification for the alternatives to be studied. In terms of support for the alternatives, we are ok with Alt 2 or 3.

	Nokia/NSB
	Support. 

	Convida Wireless
	Support the modified proposal, with Alt 3 from ZTE.

	Intel
	Support Revised Alt 3 from LG.

	FL’s update
	Regarding comments from ZTE/LG/MediaTek, please check the updated proposal above (with track change). Based on companies response to this proposal as well as other proposals / questions, Alt3 in this proposal can be divided in to two cases: 
· Alt3-1: Two candidates in different SS sets are explicitly linked together creating one PDCCH candidate (i.e. UE knows the linking before decoding) 
· Alt3-2: Two candidates in different SS sets are not explicitly linked together (i.e. UE does not know the linking before decoding)
The two cases above may be very different in terms of spec impact. However, I feel it is better to keep Alt3 more general at this stage as suggested by LG. Nonetheless, two other tables are added in Section 3 for pros / cons of Alt3-1 and Alt3-2. Companies can comment on pros / cons of Alt3 in general (using the third table) or specifically on Alt3-1 / Alt3-2 (using fourth/fifth tables).
Regarding the comment from InterDigital, “TCI state” is added but this should not change anything in terms of the meaning of the alternatives.

	Futurewei
	Support the updated proposal, and support the updated Alt. 3. 

	CATT
	Agree with FL’s update.

	ZTE2
	We are fine with FL’s update

	DOCOMO2
	Agree with FL’s update.

	MediaTek2
	We support FL’s update. We have a question for FL’s comment. For Alt3-1, does this include both one joint encoding for one PDCCH candidate and mapped to each SS set and two separate encoding (including repetition) with linkage? For Alt3-2, does this mean selection decoding of two candidates because the UE doesn’t know the linkage of two candidates?
Can we just focus on the configuration or mapping between SS set and CORESET/TCI states in proposal 3? Other issue like joint encoding and separate encoding including repetition can be dealt in other proposals.

	Samsung
	The original FL summary intends Alts. 2 and 3 are for repetition across two CORESETs, so we are wondering about adding ‘TCI states’ to Alts. 2 and 3, which can be interpreted as these Alts. Allows repetition across one CORESETs associated with two TCI states. Therefore, they cannot be distinguished with Alt 1 clearly. 
In this perspective, we suggest to revise proposal as follows:
· Alt 1: One CORESET with two active TCI states
· Alt 2: Support oOne SS set to be associated with two different CORESETs/TCI states
· Alt 3: Support one PDCCH candidate to be defined in tTwo SS sets associated with corresponding CORESETs/TCI states
Regarding FL’s update, based on the MediaTek’s 2nd comment, it seems that proposals 3 and 4 have dependency that Alt 3-1 and 3-2 can be linked with option 2 and 3 in proposal 4, respectively. Since we prefer that each proposal has to deal with separate issue, we can discuss Alt 3-1 and 3-2 in proposal 4 rather than here.

	Huawei, Hisilicon
	Alt1 can be further clarified. One option is that one candidate/Search space set within one CORESET is with two active TCI states, then TRP-interleaved candidate, or SFN transmission can be in this option. Another option is that two candidates/Search space sets within One CORESET are two active TCI states, then TDMed repetition in different occasions can be in this option. Note that the detailed spec impact and actual solutions would be quite different for these two options. It would be very vague if all such possibilities are discussed under the umbrella of general Alt1. 
· Alt 1: Support oOne CORESET with two active TCI states
· Alt 1-1: One candidate/search space set within one CORESET with two active TCI states
· Alt 1-2: Two candidates/search space sets within one CORESET with two active TCI states


	LG
	Support Huawei’s revision

	CATT2
	Support HW’s revision. Alternatively, to support SFN, one more alternative can be added:
· Alt 4: Support one PDCCH candidate to be associated with corresponding TCI states
According to proposal 2, only TDM, FDM, SFN and combined schemes are considered. So, the third bullet in proposal 3 should be revised as:
· At least the following aspects can be considered: multiplexing schemes (TDM / FDM / SDMSFN/ combined schemes), BD/CCE limits, overbooking, CCE-REG mapping, PDCCH candidate CCEs (i.e. hashing function), CORESET / SS set configurations, and other procedural impacts.
Regarding the update from FL on repetition with or without linkage, in our opinion, certain level of linkage between repetitions is beneficial even for independent decoding case. For example, in case soft combining is not used, if the first repetition is decoded, and the whole scheduling information is obtained, the UE may avoid BD of the next repetition. That is, UE can avoid searching for the next repetition in some certain resource according to the knowledge of such linkage. However, we think that the linkage seems to be next-level details which can be discussed later. Therefore, we have similar concern as MTK, and we also suggest to focus on the configuration or mapping between SS set and CORESET/TCI states in proposal 3.

	Vivo
	Support the FL’s update.
According to R16 spec, when the first transmission of PDSCH or PUSCH is scheduled by a PDCCH associated with CORESET pool index 0, the retransmission of PDSCH or PUSCH can be scheduled by another PDCCH associated with CORESET pool index 1. This can be seen as a kind of PDCCH repetition along with PDSCH or PUSCH repetition concurrently, and it is easy to extend PDCCH enhancement based on the above design.
We prefer to add the following note for Alt2 and Alt3: 
Note： 2 CORESETs can be associated with different CORESETPoolIndex values.

	Nokia/NSB 2
	FL update looks ok to us. 
Including sub-variants within a main category is not required at this stage. Given this is the first meeting, many companies will still come with other variants. So, agreeing on the general framework is preffered. Otherwise, we may have to add that all other variants are not precluded.

	MediaTek
	We agree with Nokia. We don’t need to add subbullets at the current stage. Also, we support Samsung’s revision (Remove ‘TCI states’ in Alt2 and Alt3) because two PDCCHs with 2 TCI states can be also transmitted using one CORESET. We think ‘Note’ added by vivo is not necessary.

	Intel2
	we are generally ok with the FL proposals – there is overlap across alternatives for e.g. 1 SS-set associated with 2 TCI states can fall under both Alt-1 and Alt-2 but at this stage it is ok. We have concerns on addition of CORESETPoolIndex note.



FL update: 
The second level of details (e.g. Alt1-1/Alt1-2/Alt3-1/Alt3-2) are not intended for this proposal. They will be discussed in the next round of discussions.
MediaTek asked two questions on Alt3-1/3-2. I provide my answer separately as part of the second round as it is related to the second level of details. 
Samsung/MediaTek suggestion on removing “TCI state” from Alt2/3 is followed to avoid ambiguity.
CATT’s second suggestion is implemented. Regarding the first suggestion (Alt 4), Alt1 includes this case. 
Vivo suggested to add a note, but other companies do not agree. 
Updated Proposal 3: To enable a PDCCH transmission with two TCI states, study pros and cons of the following alternatives:
· Alt 1: One CORESET with two active TCI states
· Alt 2: One SS set associated with two different CORESETs / TCI states
· Alt 3: Two SS sets associated with corresponding CORESETs / TCI states
· At least the following aspects can be considered: multiplexing schemes (TDM / FDM / SDMSFN / combined schemes), BD/CCE limits, overbooking, CCE-REG mapping, PDCCH candidate CCEs (i.e. hashing function), CORESET / SS set configurations, and other procedural impacts.
· Note: Strive to down-select to one alternative in RAN1#103-e 


For the third issue (joint vs separate encoding), companies views are as follows:
· Option 1: Joint encoding / TCI state agnostic PDCCH rate matching / one PDCCH (no repetition): 
· Vivo, Intel, Apple, LG, Nokia, Qualcomm, CATT
· Option 2: Separate encoding / TCI state dependent rate matching / two PDCCHs (repetition)
· Vivo, MediaTek, CATT, Intel, Samsung, Ericsson, LG, Nokia, ZTE, CMCC, Huawei, HiSilicon
In addition, some companies provided simulation results comparing the two options above. Vivo, Apple and Qualcomm observed similar performance while Ericsson observed repetition can perform better. Furthermore, it is observed by most companies that in the case of repetition, the AL / # of CCEs should be the same for both repetitions due to Polar code rate matching procedures. Also, some companies (CATT, Intel, Samsung, Ericsson, LG) discussed aspects related to soft-combining vs selection diversity (mostly applicable to the case of repetition). Some discussions may be needed to clarify the specification impact for selection diversity as it may or may not be transparent. Hence, a question is asked in the proposal below to collect companies views, and the proposal will be refined based on companies views.
[bookmark: _Hlk48227986]Proposal 4: For mTRP PDCCH reliability enhancements, study the following options:
· Option 1 (no repetition): One encoding / rate matching for a PDCCH with two TCI states
· Option 2 (repetition): Encoding / rate matching is based on one repetition, and the same coded bits are repeated for the other repetition. Two repetitions have the same number of CCEs and coded bits, and correspond to the same DCI payload.
· Option 3 (multi-chance): Encoding / rate matching is conducted separately for respective DCIs that schedule the same PDSCH/PUSCH/RS/etc. or result in the same outcome.
· Question: In the case of selection diversity only (no soft combining), what are the anticipated specification impacts, and why it cannot be done based on Rel. 15 / 16?
· Note 1: Companies are encouraged to evaluate the two different options based on agreed LLS assumptions for possible down-selection in RAN1#103-e.
· Note 2: The actual encoding / rate matching chain for PDCCH polar coding (i.e. 38.212 Sections 5.3.1 / 5.4.1 / 7.3.3 / 7.3.4) is not changed in the options above. 
Please provide your input wrt description of the two options in the above proposal. In addition, feel free to provide answer to the question above.
	Company
	Comments

	MediaTek
	Support option 2 because repetition clearly provides combining gain especially for >2 repetitions. Even if we define the repetition in the spec, the UE can separately decode them to reduce the complexity. We don’t have to limit the capability of power UE. 

	Apple
	Support the proposal.

For option 2, we are also wondering whether the receiving schemes, i.e. selection or soft combining, should be transparent to gNB or not. 

	ZTE
	We have the similar concern with Apple for the description of option 2. If soft combining is not needed or is not supported for UE, the repetitions may be transparent to UE. The same coded bits / CCE are not necessary. Even the DCI bits can be different. The only necessity is the two PDCCH repetitions schedule the same PDSCH/PUSCH. 
Then we suggest making option 2 more general as
· Option 2 (repetition): Encoding / rate matching is based on one repetition, and the same PDSCH/PUSCH/RS are scheduled by PDCCH repetitionscoded bits are repeated for the other repetition. Two repetitions have the same number of CCEs and coded bits.
· Question: In the case of selection diversity only (no soft combining), what are the anticipated specification impacts, and why it cannot be done based on Rel. 15 / 16?
· Study spec impact for intra-slot repetition and inter-slot repetition

In our view, spec impact of option 2 can be further studied. For example, how to define DAI counter if two PDCCH repetitions schedule the same PDSCH. Further, the scheduling timing should be studied if two PDCCH repetitions are in different slots. 

	Xiaomi
	Support option 2.

	LG
	Option 2 assumes soft combining while we can consider other option without soft combining. In this case, encoding/rate matching is conducted per transmission occasion (TO) and coded bits and even DCI payload can be different for each TO, which provides just multiple chance to decode the DCI indicating the same outcome. 
So, we propose to add Option 3.
Option 3 (multi-chance without soft combining): Encoding / rate matching is conducted per transmission occasion, and the same/different coded bits are transmitted for each transmission occasion. Each DCI resulting in the same outcome.

In addition, SFN based enhancement can be further investigated as a potential candidate. 
Option 4 (SFN based enhancement): PDCCH DMRS is associated with two TCI states in all REGs/CCEs of the PDCCH


	Ericsson
	Support the proposal with the Question removed. Regarding the question of option 2, the spec impact relates to to timing, e.g., between a PDCCH and its scheduled PUSCH/PDSCH, which is used to determine whether a default TCI state is used in DL and PUSCH processing timing in UL. If the  two PDCCHs ended at different symbols, the timing could be interpreted differently at UE and gNB depending on which one is detected by the UE which needs to be resolved. 

	NEC
	Support the proposal, and we prefer Option 2.
And regarding PDCCH repetition, in our opinion, UE can be aware of the repetitions even without explicit configuration, for example, two PDCCHs are detected to schedule same data or RS. In this case, a unified scheme (based on which soft-combining is available) can be designed, and whether soft-combining is applied or not is up to UE.

	OPPO
	Support the proposal and prefer Option 2.   From our understanding, Option 3 is included in Option 2 since whether soft combination used or not is transparent to gNB 
A question for Option 4:  Option 4 seems captured in Proposal 2 as SFN. Why is Option 4 listed here?

	CMCC
	Support FL’s proposal with the question removed. The spec impact can be further discussed.

	Spreadtrum
	Support the proposal with the question removed, and prefer option2.  
For the question in option 2, one example, as ZTE has pointed that it will bring effect on type2 HARQ-ACK codebook if the DCI content, e.g., DAI, is the same across the PDCCH repetition. 

	NTT DOCOMO
	Support the proposal.

	Lenovo/Motorola Mobility
	Support FL’s proposal with the question removed. The spec impact can be further discussed.

	Sharp
	Support the proposal

	InterDigital
	Have a similar view as Ericsson and CMCC. 
Support the proposal with question removed.

	Fraunhofer
	Agree with FL’s proposal with the question removed

	Nokia/NSB
	Support the direction proposed by ZTE and FL. Some changes in the wording may be needed to avoid misunderstanding of use of words like encoding/rate matching. It should be clear enough that we do not talk anything related to changes on those parts. 
Proposal 4: For mTRP PDCCH reliability enhancements, study the following options:
· Option 1 (no repetition): One encoding / rate matching for a The coded bits of DCI of a PDCCH is associated with two TCI states, 
· Option 2 (repetition): Encoding / rate matching is based on one repetition, and t The same coded bits are repeated to schedule the same PDSCH/PUSCH/RS/other transmission for the other repetition. Two repetitions have the same number of CCEs and coded bits.
· Question: In the case of selection diversity only (no soft combining), what are the anticipated specification impacts, and why it cannot be done based on Rel. 15 / 16?
· Study spec impact for intra-slot repetition and inter-slot repetition
· Note: Companies are encouraged to evaluate the two options based on agreed LLS assumptions for possible down-selection in RAN1#103-e.


	Convida Wireless
	Support the proposal with update from ZTE or Nokia/NSB.

	Intel
	Option 2 needs clarification: if selection diversity is supported, no need to keep same AL. If soft-combining is desired then we keep same AL. Also no need for question because in Rel-15 UE does not expect to receive multiple identical DCIs in a slot from different CORESETs or monitoring occasions.

	FL update
	Based on the discussions, “repetition” is interpreted differently among different companies. It is important to align the definition / understanding, which was the intention of the question asked. We typically use “repetition” when the info bits (e.g. TB for PDSCH/PUSCH, or UCI for PUCCH) are exactly the same. However, the intention of option 2 from some companies seems to be “scheduling the same thing” or “resulting in the same outcome” while the DCI bits may or may not be exactly the same. Hence, another option is added as option 3. The wording tries to not exclude any DCI format (e.g. DCI format 2_x family). 
In addition, in option 3, the limitations of option 2 in terms of same coded bits / # of CCEs / DCI payload does not apply. Hence, it is natural to separate these two options as also mentioned by Intel. 
Note that option 2 is not necessarily equivalent to soft-combining at the UE, but makes it possible for UE to perform soft combining. Whether soft combining is up to UE implementation or whether it is a capability for option 2 (e.g. similar to FDMSchemeB) can be discussed in a later stage. A note can be added to clarify this for option 2, but it is preferred to not get into this level of details in this meeting for the proposal. 
Regarding Nokia’s comment, I understand the intention. A note is added to clarify that we are not touching the channel coding / rate matching aspects. I prefer to keep the current language since most companies are ok with it. Regarding intra-slot vs inter-slot, this is already part of Proposal 2. 
Regarding LG’s comment on SFN, this discussion on repetition/no-repetition/etc. is not directly relevant for SFN. Given that SFN is already listed in Proposal 2, this proposal does not intend to exclude or deprioritize SFN.

	Futurewei
	Support the updated proposal

	CATT
	Agree with FL’s update. In our opinion, none of the options can be precluded at this stage. 
Regarding option 4 raised by LG, we also support the scheme in option 4, and we think this option can be considered as a special case of option 3 according to current description of it.

	LG (2nd round)
	According to current proposal, it causes misunderstanding that SFN is deprioritized since the main sentence of the proposal. We suggests the following revision. 
Proposal 4: For non-SFN based mTRP PDCCH reliability enhancements, study the following options:
· Option 1 (no repetition): One encoding / rate matching for a PDCCH with two TCI states
· Option 2 (repetition): Encoding / rate matching is based on one repetition, and the same coded bits are repeated for the other repetition. Two repetitions have the same number of CCEs and coded bits, and correspond to the same DCI payload.
· Option 3 (multi-chance): Encoding / rate matching is conducted separately for respective DCIs that schedule the same PDSCH/PUSCH/RS/etc. or result in the same outcome.
· 
· Note 1: Companies are encouraged to evaluate the different options based on agreed LLS assumptions for possible down-selection in RAN1#103-e.
Note 2: The actual encoding / rate matching chain for PDCCH polar coding (i.e. 38.212 Sections 5.3.1 / 5.4.1 / 7.3.3 / 7.3.4) is not changed in the options above.

	ZTE2
	We are fine with the updated proposal. 
Those FL’s proposals are good for us to study from different sides. They are crossed more or less. But the specific enhanced options are more focusing on proposal 3.

	DOCOMO2
	We support FL’s update.

	MediaTek2
	Thanks FL, for the clarification. We support FL’s update.

	Samsung
	Regarding the removed question of Option 2, Rel-15/16 cannot support the selection diversity of PDCCH, which is specified in 38.214, so we need to further study the specification impacts. For example, if the selection diversity is considered, each repetition can schedule the same PDSCH/PUSCH or different transmission occasion in the repeated PDSCH (like HRLLC in LTE). This can be considered in various scenarios (e.g., blockage in FR 2, low latency, various UE capa. etc.) and has pros and cons, so we should further discuss this issue. 
Regarding Option 3, we can discuss this selection diversity, but the definition of the same outcome is unclear. Then, we suggest making Option 3 more clear and general as
· Option 3 (multi-chance): Encoding / rate matching is conducted separately for respective DCIs that schedule the same PDSCH/PUSCH/RS/etc. or different transmission occasion in the repeated PDSCH/PUSCH/RS/etc.

	Huawei, Hisilicon
	We support updated proposal. 
We share similar view as ZTE. With outcome from proposal 3, designs from more than one options in this proposal could be supported flexibly.

	LG
	Regarding Samsung’s revision, the reason why I suggest “the same outcome” is for the case that DCI does not contain scheduling information such as format 2-x, preemption, or TPC. I am not sure all company see those information as scheduling information so I suggest somewhat high level wording. So, we prefer to keep it. In addition, I am fine with Samsung’s addition for different TO.

	vivo
	Support the updated proposal. 
In our view there is no need to preclude SFN scheme, since option1 can support SFN. 

	Nokia/NSB 2
	We are generally fine with the direction of the proposal. We think that consideration of intra-slot and inter-slot cases are required for both Option 2 and 3. Also, we can simplify the wording in option 3 by clearly stating that different DCI as the intention seems to be changing the content itself.
Proposal 4: For mTRP PDCCH reliability enhancements, study the following options:
· Option 1 (no repetition): One encoding / rate matching for a PDCCH with two TCI states
· Option 2 (repetition): Encoding / rate matching is based on one repetition, and the same coded bits are repeated for the other repetition. Two repetitions have the same number of CCEs and coded bits, and correspond to the same DCI payload.
· Study both intra-slot repetition and inter-slot repetition
· Option 3 (multi-chance): Encoding / rate matching is conducted Separately for respective DCIs that schedule the same PDSCH/PUSCH/RS/etc. or result in the same outcome.
· Study both intra-slot and inter-slot case. 
· Note 1: Companies are encouraged to evaluate the different options based on agreed LLS assumptions for possible down-selection in RAN1#103-e.
Note 2: The actual encoding / rate matching chain for PDCCH polar coding (i.e. 38.212 Sections 5.3.1 / 5.4.1 / 7.3.3 / 7.3.4) is not changed in the options above.

	MediaTek
	Although intra-slot and inter-slot are the second level issues, we are fine with Nokia’s revision. We think Samsung’s update is unnecessary. Current FL version is enough.

	Intel2
	Pls. consider deleting “multi-chance” – no need to have a name yet.



FL update:
Since this proposal is not applicable to SFN (by definition, same coded bits with same scrambling is transmitted in the case of SFN), in order to ensures that SFN is not precluded, LG’s suggestion is followed.
Nokia’s suggestion is followed since BD/CCE limits (in option 2) and/or scheduling information (in option 3) may have different implications for intra-slot vs inter-slot, and it would be good to be studies further. For option 3, the note should be modified a bit as shown below. The simplification to Option 3 also makes sense as encoding / rate matching are separately conducted anyway when DCIs are separate.   
Regarding “the same outcome”, as also explained by LG, the intention is to not preclude DCI formats 2_x. 
Samsung suggested to add different transmission occasions, while MediaTek thinks it is not necessary. In order to not preclude Samsung’s addition, instead of adding details of a scheme, “TB” is added below.
Intel suggests to delete “multi-chance”. However, we should have a name for it so that we can refer to it. For example, in Proposal 2, we use this name. Any suggestion for another name is welcomed, but I do not see a point in spending too much time on the naming. 

Updated Proposal 4: For non-SFN based mTRP PDCCH reliability enhancements, study the following options:
· Option 1 (no repetition): One encoding / rate matching for a PDCCH with two TCI states
· Option 2 (repetition): Encoding / rate matching is based on one repetition, and the same coded bits are repeated for the other repetition. Two repetitions have the same number of CCEs and coded bits, and correspond to the same DCI payload.
· Study both intra-slot repetition and inter-slot repetition
· Option 3 (multi-chance): Encoding / rate matching is conducted sSeparately for respective DCIs that schedule the same PDSCH/PUSCH/RS/TB/etc. or result in the same outcome.
· Study both cases of DCIs in the same slot and DCIs in different slots
Note 1: Companies are encouraged to evaluate the different options based on agreed LLS assumptions for possible down-selection in RAN1#103-e.
Note 2: The actual encoding / rate matching chain for PDCCH polar coding (i.e. 38.212 Sections 5.3.1 / 5.4.1 / 7.3.3 / 7.3.4) is not changed in the options above. 


In addition to the above three main issues, some other aspects are discussed by companies:
· Multi-DCI based mTRP: 
· FUTUREWEI: Cross-TRP scheduling, joint DCI to schedule PDSCHs associated with different CORESETPoolIndex, joint Tx of the same DCI
· Two PDSCHs with different CORESETPoolIndex values correspond to the same TB: Vivo, SS (second priority), Sharp
· Other proposals:
· Lenovo/Motorola Mobility: CSI feedback for PDCCH
Some of the above proposals do not seem to have wide support at this stage or are not directly in the scope of this item. The question below is to collect input from companies, and a proposal may be drafted based on the inputs.
Question: Do you see any other issue for PDCCH reliability that should be discussed in this meeting with high priority (e.g. that requires categorizations / alternatives) to help possible down-selection in future meetings? 
	Company
	Comments

	Intel
	We think that the max reliability target should be discussed – is it AL8+AL8, AL16+AL16 or more. Also whether enhancement (repetition) will apply to S-TRP transmission (single TCI state)

	Huawei, HiSilicon
	Similar view as Intel. Small AL, e.g. AL2, may not be our main target, since for a cell-edge UE feasible for multi-TRP transmission, the gNB typically has little chance to use very small ALs.





[bookmark: _GoBack]Outcome of Email discussions

[bookmark: _Hlk49347167]Updated Proposal 2: For mTRP PDCCH reliability enhancements, study the following multiplexing schemes
1. TDM: Two sets of symbols of the transmitted PDCCH / two non-overlapping (in time) transmitted PDCCH repetitions / non-overlapping (in time) multi-chance transmitted PDCCH  are associated with different TCI states
0. Aspects and specification impacts related to intra-slot vs inter-slot to be discussed
1. FDM: Two sets of REG bundles / CCEs of the transmitted PDCCH / two non-overlapping (in frequency) transmitted PDCCH repetitions / non-overlapping (in frequency) multi-chance transmitted PDCCH  are associated with different TCI states
1. SFN: PDCCH DMRS is associated with two TCI states in all REGs/CCEs of the PDCCH 
0. Note: There is dependency between this scheme and AI 2d (HST-SFN )
1. Note: Combinations of the schemes are not precluded, and they can be discussed at a later stage.
Updated Proposal 3: To enable a PDCCH transmission with two TCI states, study pros and cons of the following alternatives:
1. Alt 1: One CORESET with two active TCI states
1. Alt 2: One SS set associated with two different CORESETs
1. Alt 3: Two SS sets associated with corresponding CORESETs
1. At least the following aspects can be considered: multiplexing schemes (TDM / FDM / SFN / combined schemes), BD/CCE limits, overbooking, CCE-REG mapping, PDCCH candidate CCEs (i.e. hashing function), CORESET / SS set configurations, and other procedural impacts.
Updated Proposal 4: For non-SFN based mTRP PDCCH reliability enhancements, study the following options:
1. Option 1 (no repetition): One encoding / rate matching for a PDCCH with two TCI states
1. Option 2 (repetition): Encoding / rate matching is based on one repetition, and the same coded bits are repeated for the other repetition. Each repetition has the same number of CCEs and coded bits, and corresponds to the same DCI payload.
0. Study both intra-slot repetition and inter-slot repetition
1. Option 3 (multi-chance): Separate DCIs that schedule the same PDSCH /PUSCH /RS/TB/etc. or result in the same outcome.
0. Study both cases of DCIs in the same slot and DCIs in different slots
Note 1: Companies are encouraged to evaluate the different options based on agreed LLS assumptions for possible down-selection in RAN1#103-e.
Note 2: The actual encoding / rate matching chain for PDCCH polar coding (i.e. 38.212 Sections 5.3.1 / 5.4.1 / 7.3.3 / 7.3.4) is not changed in the options above.

Pros and Cons for Different Alternatives of Proposal 3
This section should be treated with lower priority compared to Section 2 in RAN1#102e. The intention is to start the discussions on pros and cons for different alternatives in proposal 3 in Section 2. As mentioned in Section 2, down selection to only one of the alternatives in early stage of Rel. 17 is desirable so that there is enough time for the details. 
Please provide your input on pros / cons of Alt 1 (one CORESET with two active TCI states)
	Company 
	Pros of Alt1
	Cons of Alt1

	MediaTek
	One PDCCH candidate can be mapped to each group of REs corresponding to each TRP in TDM or FDM.
	Much spec impact because we need to introduce two TCI mapping to one CORESET, Not flexible in freq allocation.

	ZTE
	SFN based solution should be prioritized for Alt.1  since it can be used which the same as PDSCH for HST. Spec impact is marginal.
	It is not easy to support TDM beam diversity based on legacy PDCCH structure. 
It may not be supported if UE is only able to support one receiving beam at a given symbol.
For wideband precoder, it may not be supported.
For AL=1 with CCE-interleaving is not enabled, it may not be supported. 
It may not support dynamic switching between single TRP and MTRP.

	CMCC
	Since maximum 3 CORESETs are supported for UE, based on Alt2 or Alt3, the available CORESETs for each TRP is reduced, while based on Alt1, each TRP can still use maximum 3 CORESETs. Besides, one CORESET with two active TCI states is benefit for SFN scheme, which could enhance the channel estimation accuracy. 
	

	NTT DOCOMO
	Good to support HST-SFN scenario.
	

	Futurewei
	Useful for SFN support
	The standard impact may be significant. For example, the DMRS ports are SFN or separate? This could require a lot of discussions/decisions.

	Huawei, Hisilicon
	The number of CORESET and SS is saved.
	Significant spec impact, including two active TCI-state for one CORESET, resource division within one CORSET/SS for FDM/TDM PDCCH transmission, etc. 
SFN in FR2 would require simultaneous reception capability.

	vivo
	1. Alt1 is a clean design based on legacy technology, just like the code-point for PDSCH enhancement in Rel-16 support from one TCI states to two TCI states.
2. SFN and FDM has lower latency than TDM, and Alt1 is appropriate to SFN scheme or FDM scheme with Two sets of REG bundles / CCEs of the PDCCH have different TCI states. Both schemes can reuse same candidate in same CORESET and same occasion in same SS.
3. We also think Alt1 can support TDM. E.g. one SS ID associated with one CORESET ID with 2 TCI states, M-PDCCH repetitions occupy different occasions of this SS, and each occasion is corresponding to different TCI states.
4.  Alt1 is easy to perform by MAC CE activating one or two TCI states, and flexibly adapt to switch between S-TRP and M-TRP by MAC CE.
5. Once item2d support SFN scheme, SFN based PDCCH transmission should be supported to keep same design for DL channels. Hence, we think SFN scheme has high priority and Alt1 is suitable for SFN.
	



Please provide your input on pros / cons of Alt 2 (one SS set to be associated with two different CORESETs)
	Company 
	Pros of Alt2
	Cons of Alt2

	MediaTek
	Don’t need to introduce two TCI states for a CORESET
	Much spec impact because we need to change the existing relationship between SS set and CORESET.

	ZTE
	
	Don’t support this solution.
CCE to SS/CORESET mapping may be impacted.

	Futurewei
	
	OK to discuss but unclear about its benefit.

	vivo
	
	The benefit compared to Alt3 is unclear, except Alt2 can reduce the overhead of SS configuration.



Please provide your input on pros / cons of Alt 3 in general (one PDCCH candidate to be defined in two SS sets associated with corresponding CORESETS)
	Company 
	Pros of Alt3
	Cons of Alt3

	MediaTek
	Flexible resource allocation in time and freq domain. Less spec impact thanks to reuse of exiting configurations of SS sets and CORESETs. Don’t need to introduce two TCI states for a CORESET. Also, this design is aligned with M-DCI MTRP where each TRP is transmitting a PDCCH using corresponding CORESET.
	Use of the limited number of CORESETs for multi-TRP. But we can resolve this issue to introduce dynamic signaling like MAC CE activate/deactivate PDCCH repetition.

	ZTE
	support dynamic switching between single TRP and MTRP.
 Less spec impact
Can implement FDM, TDM and the combined multiplexing for beam diversity
	

	Futurewei
	Most straightforward extension and may be even scalable to more TRPs. Most flexible. Essentially this is like simply duplicating what the gNB/UE already does.
	

	Huawei, Hisilicon
	Less spec change.
Unified design which can accommodate different solutions such as FDM, TDM.
	

	vivo
	Reuse legacy configuration without introducing any new relationship design between CORESET and SS.
	1. Compared to Alt1, Alt3 occupies more SS ID and CORESET ID. In Rel-16, at most 5 CORESET ID was introduced for NCJT, whether to further extend or not should further study. 
2. if Alt3-1 is supported, how to indicate linkage relation between occasion/ candidate and the TCI states under two SS and two CORESETs should be further study



Please provide your input on pros / cons of Alt 3-1 (Two candidates in different SS sets are explicitly linked together creating one PDCCH candidate)
	Company 
	Pros of Alt3-1
	Cons of Alt3-1

	Futurewei
	UE behavior is clear
	Additional indication of the link needs to be standardized

	ZTE
	UE can do soft combing
Both TDM and FDM multiplexing can be supported.
	Additionally explicit link may be needed

	Huawei, Hisilicon
	Better performance by soft combining.
Simpler UE implementation to reduce complexity, e.g. for soft-combining.
	Additional signaling.

	vivo
	With explicit linkage of PDCCH occasion, the BD complexity of UE can be reduced. 
	Reduced the flexibility of gNB. gNB must transmit all PDCCHs in case UE adopt soft combing reception.




Please provide your input on pros / cons of Alt 3-2 (Two candidates in different SS sets are NOT explicitly linked together)
	Company 
	Pros of Alt3-2
	Cons of Alt3-2

	Futurewei
	No need for additional indication of the link
	UE needs to understand these two candidates are for the same operation and should not misunderstand them as for two different operations. This may require some standard support.

	ZTE
	No need to link two candidates, the legacy PDCCH mechanism can be used;
Dynamic switching between single TRP and MTRP can be supported by gNB implementation;
Both TDM and FDM multiplexing can be supported.
Spec impact may be very marginal
	Scheduling timing should be clarified especially two repetitions are in different slots.

	vivo
	gNB can flexibly transmit one or more PDCCH repetitions, which can reduce the congestion of PDCCH resource.
	The advantage of soft combing vanishes.
If UE successfully detect more than one PDCCH, how does UE determine these PDCCH schedule same PDSCH/PUSCH transmission or different RVs transmission of same TB should further study.






Detailed Proposals, Observations, and simulation Results
[FUTUREWEI]:
Proposal 4: For M-TRP PDCCH enhancement, support:
· PDCCH repetition in time domain and spatial domain
· Cross-TRP scheduling, joint DCI, and joint transmission of the same DCI
-----------------------------------------------------------------------------------------------------------------------------
[Vivo]
SDM(SFN) based PDCCH transmission may has small  spec impact compared to other schemes and is compatible to PDSCH design in HST scenarios.
FDM based PDCCH transmission with joint encoding across TRPs does not support AL=1 and the granularity of precoding based on wideband.  
If UE can perform soft combining, FDM based PDCCH transmission of option2 should be configured same AL values.
TDM scheme is appliable for the scenarios where more repetition is needed and where simultaneous reception from multi-TRP is not feasible.

•	Alt1: One Search Space ID mapped to one CORESET ID with Multi-TCI states.
•	Alt2: One Search Space ID mapped to Multi-CORESET ID with respective TCI state.
•	Alt3: Multi-Search Space ID mapped to one CORESET ID with Multi-TCI states
•	Alt4: Multi-Search Space ID mapped to corresponding CORESET ID with different TCI state
Different mapping of TCI states to SS and CORESET can be investigated to facilitate design of different repetition schemes. 

[image: ][image: ]
[image: ]
PDCCH enhancement based on SFN\FDM\TDM in two TRPs has similar performance in case of blockage. 

Support multi-DCI PDCCH reliability enhancement in Rel-17.
-----------------------------------------------------------------------------------------------------------------------------
[ZTE]
[image: ]
Observation 1：PDCCH repetition with beam diversity provides better performance than single PDCCH under the blockage scenario.
Proposal 1: Support PDCCH repetition with beam diversity, each beam corresponds to 1 TRP.
Option 1: FDM scheme
1a. A single PDCCH is divided into 2 part of frequency domain resources, each of which corresponds to a different beam. 
1b. Each PDCCH repetition is an independent DCI and occupies different frequency domain resources with multiple beams.
Option 2: TDM scheme
2a. The PDCCH repetitions are located in one slot using different beams. 
2b. The PDCCH repetitions are located in different slots using different beams.
Option 3: combined scheme
1a. Each PDCCH repetition occupies non-overlapped time and frequency resources corresponding to different beams.

[image: ][image: ]
Observation 2: Single PDCCH and 2 PDCCH repetitions performs better than the FDM scheme.
Proposal 2: TDM based PDCCH repetition with beam diversity should have the highest priority.
-----------------------------------------------------------------------------------------------------------------------------
[InterDigital]
Proposal 1: Study solutions to enable PDCCH beam diversity.
Proposal 2: Study benefits and issues related to both with and without combining schemes for PDCCH.
-----------------------------------------------------------------------------------------------------------------------------
[Sony]
Proposal 1: Specify the UE capability whether the UE can monitor simultaneously two CORESETs using different antenna panels in UE side.

Proposal 2: Specify the gap between two different PDCCH from different TRPs for the UE without simultaneous reception capability. 
-----------------------------------------------------------------------------------------------------------------------------
[MediaTek]
Proposal 1: Associate two search space sets which are mapped onto two different CORESETs for PDCCH repetition. 
· Use the same configurations such as duration, nrofCandidates, monitoringSymbolsWithinSlot for two associated search space sets and cce-REG-MappingType, duration, the number of RBs for two corresponding CORESETs
· Transmit the same payload of DCI using PDCCH candidates with the same index (= ) and the same aggregation level L in two associated search space sets A and B
Proposal 2: Introduce new MAC CE to activate/deactivate the association of two search space sets for PDCCH repetition. 
Proposal 3: To indicate the repetition number, use monitoringSlotPeriodicityAndOffset, duration and/or monitoringSymbolsWithinSlot in SearchSpace.
Proposal 4: Slot offset K0 can be calculated based on the last repetition where the index of repetition can be counted first in monitoring occasion and in ascending order of index(es) of CORESETs or search space sets.
-----------------------------------------------------------------------------------------------------------------------------
[CATT]


Figure 1 Possible repetition schemes for PDCCH
Proposal 1: The following repetition schemes can be considered to improve reliability and robustness for PDCCH using multi-TRP and/or multi-panel:
· Intra-CORESET repetition
· Intra-slot repetition with different CORESETs
· Inter-slot repetition with the same CORESET index in each slot 
· Inter-slot repetition with different CORESET indexes in each slot
· SDM based repetition
Proposal 2：Enhancements on TCI states are needed for the following PDCCH repetition schemes,
· For intra-CORESET repetition scheme, TCI state can be configured per search space set or per PDCCH candidate.
· For SDM based repetition scheme,  a CORESET is associated with two (or more) TCI states.

Proposal 3: If multiple PDCCH repetitions are multiplexed in different symbols or slots, how to ensure two repetitions schedule the same PDSCH shall be discussed.
Proposal 4: With regarding to the content of DCI in PDCCH repetition, the following two alternatives can be considered:
· Alt.1: DCIs in all PDCCH repetitions are exactly the same.
· Alt.2: DCIs in all PDCCH repetitions can be different.
Proposal 5: The following associations among multiple PDCCH repetitions can be considered to reduce complexity of blind detection.
· Option 1: Time or frequency offset between two repetitions is configured or predefined. 
· Option 2: Time and frequency resources of one DCI can be indicated by other DCI.
· Option 3: Association of TCI states of multiple repetitions can be configured, predefined or indicated by one DCI.

[image: ]
Figure 5 BLER of PDCCH repetition, AL=8
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Figure 6 BLER of PDCCH repetition, AL=16
Observation 1: For PDCCH repetition, both soft combining scheme and independent decoding scheme can bring performance gain.
Proposal 6: Transmission schemes which require soft combining or independent decoding at the receiver can both be considered in PDCCH repetition.

-----------------------------------------------------------------------------------------------------------------------------
[China telecom]
Proposal 1: PDCCH repetition transmitted from different TRPs can be considered.
-----------------------------------------------------------------------------------------------------------------------------
[NEC]
Proposal 1: For PDCCH repetition, TDM seems more suitable, which can be taken as a starting point.
Proposal 2: PDCCH repetitions should be well designed, and based on which combining can be achieved. 
-----------------------------------------------------------------------------------------------------------------------------
[Fraunhofer]
Proposal 1: Perform transmission of the same PDCCH on two different CORESETs to improve PDCCH reliability.

Proposal 2: The two CORESETs on which the PDCCH is transmitted may be configured with different CORESETpoolIndex values.
-----------------------------------------------------------------------------------------------------------------------------
[Lenovo, Motorola Mobility]
Observation 3: Small bandwidth configuration scenario, e.g. 100M for FR2, 20M for FR1 can be considered for PDCCH enhancement.
Observation 4: From system view, transmission reliability and spectrum efficiency need to be considered together for PDCCH enhancement. 
Proposal 1: TDM/FDM/SDM schemes proposed for PDSCH enhancement for URLLC with multiple TRPs transmission can be a start point for evaluation and specification discussion for PDCCH enhancement.
Proposal 2: TDM schemes can be considered as the baseline for PDCCH enhancement.
Proposal 3: FDM/SDM schemes can be considered only for UE with high capability for receiving multiple beams simultaneously, e.g. multiple panels.
Proposal 4: Multiple associated CORESETs or single CORESET with multiple TCI states can be considered for PDCCH enhancement.
Proposal 5: Multiple monitoring occasions in one search space set or multiple component search space sets can be used for PDCCH with multiple transmission.
Proposal 6: Blind decoding complexity for soft combination of candidates from multiple transmissions needs to be considered.
Proposal 7: CSI Feedback should be enhanced for PDCCH transmission. 
-----------------------------------------------------------------------------------------------------------------------------
[Intel]
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[bookmark: _Ref47706216]Figure 1: Selection diversity vs soft-combining
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[bookmark: _Ref47706273]Figure 2: 1 TRP vs 2 TRP (resource fair)
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[bookmark: _Ref47706414]Figure 3: comparison of 1 TRP vs 2 TRP (resource additional)
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[bookmark: _Ref47706420]Figure 4: comparison of SFN, selection-diversity and soft-combining schemes




Observations-1:
· Soft combining gain over selection diversity is about 1.5 dB (Figure 1)
· Considering resource fair comparison (AL4+AL4 vs AL8) multi-TRP repetition performance is about the same as single-TRP performance if selection diversity is used at the UE, multi-TRP repetition performance is better than single-TRP if soft-combining is used at the UE.(Figure 2)
· Considering additional resource for multi-TRP transmission available from the other TRP, selection diversity or soft-combining provides significant gains. In FR1 SFN transmission provides approximately similar performance as soft-combining with multi-TRP repetition (Figure 3, Figure 4)
· Overall, motivation for PDCCH repetition is primarily in FR2 environments where SFN is not feasible in most UE orientations

Proposal-2: All PDSCH transmission schemes in Rel-15/16 are in scope. 
Proposal-3: Categorize PDCCH reliability schemes at high-level into – 1) selection diversity 2a) soft-combining with joint coding 2b) soft combining with repetition
Proposal-4: PDCCH repetition scheme should allow the NW to choose (dynamically) to transmit DCI from TRP-1 only or from TRP-2 only without repetition or from both TRP-1 and TRP-2 with repetition.
Proposal-5: BD/CCE provisioning principles to consider (for mTRP repetitions): 
· CCE provisioning → CCE (TRP-1) + CCE (TRP-2)
· BD provisioning for selection diversity → BD (candidates from TRP-1) + BD (candidates from TRP-2)
· BD provisioning for soft-combining → BD (candidates from TRP-1) + BD (candidates from TRP-2) + BD (soft-candidates from TRP-1, TRP-2)

Proposal-6: Flexible BD/CCE partitioning across TRPs (for repetitions) should be allowed where TRP-1 and TRP-2 may not consume equal BD/CCE capacity as BD/CCE capacity is quite limited at the UE.
Proposal-7: Consider the following framework for PDDCH repetition study
· Inter-CORESET approach where different CORESETs can be associated with different TRPs. This allows fully flexible partitioning of BD/CCE between TRP-1 and TRP-2 
· Intra-CORESET approach where the same CORESET can be associated with different TRPs. As an example TRP-1 associated with monitoring occasion-1 and TRP-2 associated with monitoring ocassion-2

-----------------------------------------------------------------------------------------------------------------------------
[OPPO]
Proposal 1: Study FDM and TDM for PDCCH enhancement in Rel-17.
Proposal 2: Study the following schemes to support multi-TRP based PDCCH enhancement for URLLC:
· One search space is associated with one CORESET where two TCI states are activated for the CORESET at the same time. Each repetition of PDCCH can be associated with one TCI state for the CORESET associated with that search space.
· One search space is associated with two CORESETs. Each repetition of PDCCH can applies the TCI state of one CORESET associated with that search space.
· Two search spaces are used and each search space is associated with one CORESET. Each repetition of PDCCH can be transmitted via one of the search spaces.

-----------------------------------------------------------------------------------------------------------------------------
[Samsung]
[image: ]
Figure 2. BLER performance of PDCCH with 40 + 24 bits of DCI size in FR1 (a) and FR2 (b).
Observation 1. Both soft combining and selection based multi-TRP repetition can increase the reliability of PDCCH in FR2.
Proposal 1. Support both soft-combining and selection based multi-TRP repetition in Rel-17.
Proposal 2. Support multi-TRP based PDCCH repetition based on single-DCI framework.
Proposal 3. Consider multi-TRP based PDCCH repetition for multi-DCI framework as a second priority.
Proposal 4. Support TDM based PDCCH repetition as a starting point.
Proposal 5. For TDM-based PDCCH repetition for multi-TRP, support repeated PDCCHs to be configured within a single CORESET.
-----------------------------------------------------------------------------------------------------------------------------
[CMCC]
Proposal 1: Repetition of PDCCH candidate pairs are transmitted from different TRPs to improve PDCCH reliability.
Proposal 2: The DMRS port for PDCCH can be associated with two TCI state indices, where two TCI states are indicated by MAC CE.
-----------------------------------------------------------------------------------------------------------------------------
[Spreadtrum Communications]
· Option 1: One DCI is carried by one PDCCH in SFN way from multiple TRPs;
· Option 2: One DCI is carried by multiple PDCCH repetition across multi-TRPs;
· Option 3: One DCI is carried by one PDCCH with REG bundle cycling;
Proposal 1: For PDCCH enhancement across multi-TRP, further study and evaluation are needed.
-----------------------------------------------------------------------------------------------------------------------------
[Ericsson]
	DCI repetition cases
	Single-CORESET (with two TCI states)
	Multi-CORESETs (with one TCI state each)

	Single-PDCCH transmitted
	· Each CCE or REG associated with one of the TCI states
· FDM reception of multi-TRP transmitted CCE/REG neccessary at the UE
	·  Not considered


	Multi-PDCCH transmitted
	· One or multiple search spaces in the CORESET
· Multiple PDCCH repetitions
· Each PDCCH candidate associated with one of the TCI states
· FDM reception of multi-TRP transmitted PDCCH neccessary at the UE
	· A single search space per CORESET
· TDM or FDM recpetion of repeated PDCCH, depending on  symbol allocations of the CORESETs





[bookmark: _Toc47723633]Solutions for PDCCH robustness should allow for dynamic switching between single and multi-TRP transmission of a DCI to a given UE. 

[bookmark: _Ref40361287]Figure 1: PDCCH performance with different multi-TRP schemes under channel blocking under indoor hot-spot scenario at 30GHz.

PDCCH repetition over 2 TRPs significantly outperforms REG bundle based interleaving over two TRPs under channel blocking.
Soft combining does not bring extra performance gain over no combining under channel blocking.

[bookmark: _Toc47723634]Consider PDCCH enhancement for link robustness with DCI repetition using multi-PDCCH, from different TRPs/different TCI states.
[bookmark: _Toc47723635]Soft combining is not required for PDCCH repetition. 
[bookmark: _Toc47723636]Support multiple CORESETs with one TCI state per CORESET (as in Rel.15) where the same PDCCH is transmitted multiple times, once per CORESET. 

-----------------------------------------------------------------------------------------------------------------------------
[Huawei/HiSilicon]
[image: ]
Figure 3: Simulation results of PDCCH repetition without blockage
Observation 1: Without blockage, the repetition of PDCCH with soft combining the same AL is much more beneficial than the scheme without soft combining and SFN-based PDCCH transmission. 
[image: ]
Figure 4: Simulation results of PDCCH repetition with blockage
Observation 2: With potential blockage of PDCCH transmission, the multi-TRP transmission schemes are much more robust than single-TRP transmission.
Proposal 1: To reduce the complexity, association between PDCCH candidates from different TRPs should be supported for PDCCH repetition.
-----------------------------------------------------------------------------------------------------------------------------
[Apple]
[image: ]
Figure 1: Link Level Simulation Results for PDCCH
Proposal 2-1: Compared to multiple PDCCH repetitions, the scheme to apply different TCI states for different REG-bundle is preferred for PDCCH reliability enhancement.
Proposal 2-2: For PDCCH reliability enhancement, one DCI can be transmitted from up to 2 TCI states.
Proposal 2-3: Support MAC CE to indicate up to 2 TCI states for a CORESET.
-----------------------------------------------------------------------------------------------------------------------------
[Xiaomi]
Proposal 1: It is better to take four PDSCH repetition schemes as a baseline when discussing PDCCH repetition.
Proposal 2: Beam failure recovery of each TRP need to be considered.
-----------------------------------------------------------------------------------------------------------------------------
[Sharp]
Proposal 1: RAN1 should discuss PDCCH reception in multi-DCI based PDSCH scheduling as a baseline.
-----------------------------------------------------------------------------------------------------------------------------
[LG]
Proposal 1: TDM based MTRP PDCCH scheme should be supported with priority and FDM based scheme or SFN based enhancement can be considered additionally.
Proposal 2: Support 2 TCI states configuration/activation for a single CORESET for MTRP PDCCH scheme.
Proposal 3: For multi-chance PDCCH scheme, the scheme without combining can be considered with priority if additional gain from soft combining is not fully justified, taking into account UE complexity and specification impact.
Proposal 4: For a single PDCCH scheme, both SFN based enhancement and FDM based MTRP transmission can be considered. 
-----------------------------------------------------------------------------------------------------------------------------
[Convida Wireless]
Proposal 5: A DCI can be transmitted from multiple TRPs using at least TDM or FDM. Further study SDM.
-----------------------------------------------------------------------------------------------------------------------------
[DCM]
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Case 1	                           			  Case 2
Figure 1	BLER performances of PDCCH repetitions.

Observation 1:
· Compared with single-TRP transmission, PDCCH repetitions over 2 TRPs with soft combining requires 1.0 dB lower SNR for achieving BLER=10-5. 

Proposal 1:
· Further discuss following methods for PDCCH repetition over multiple TRPs,
· A CORESET is configured with multiple (e.g., 2) TCI states;
· A search space is associated with multiple (e.g., 2) CORESETs.

-----------------------------------------------------------------------------------------------------------------------------
[Nokia]
Proposal 1: Features to improve reliability and robustness for PDCCH using multi-TRP and/or multi-panel, shall consider, 
· Both FR1 and FR2 with equal importance, 
· Consider possible blockage scenarios, 
· Provide backward compatibility to multi-TRP URLLC schemes introduced for PDSCH. 

Proposal 2: Multi-TRP PDCCH reliability enhancement schemes can be identified considering different aspects such as, 
· Repetition schemes for PDCCH considering SDM, FDM, and TDM. 
· Transmission of the CCEs/REGs of the same PDCCH candidate via multiple TRPs. 

Proposal 3: Multi-TRP PDCCH reliability enhancement shall not be focused on changing basic framework of NR PDCCH design, and should be more focused on the exact schemes that are required provide reliability enhancements considering mainly TCI framework of the PDCCH. 
Proposal 4: For multi-TRP PDCCH reliability enhancement, RAN1 shall consider activating more than one TCI state per CORESET, which can be then further considered for different PDCCH repetition schemes. 
Proposal 5: For PDCCH reliability enhancement schemes based on SDM shall be deprioritized.  
Proposal 6: For PDCCH reliability enhancement schemes based on TDM, the following aspects shall be considered when defining the scheme(s). 
· The UE is able to decode PDCCH independent of which transmission/repetition of the PDCCH is detected. 
· How the UE determines correctly the time domain resource allocation e.g. for the scheduled PDSCH transmission. 
· How to perform soft combining of different repetitions to improve reception performance.
Proposal 7: For PDCCH reliability enhancement schemes based on TDM, activated TCI states of the CORESET and monitoring occasions defined by the SSSs to that CORESET shall be mapped with a predefined rule or configuration by considering a fixed period. 
-----------------------------------------------------------------------------------------------------------------------------
[ASUSTeK]
Proposal: 	TDM repetition scheme is suggested as a starting point for M-TRP enhancement for PDCCH, PUSCH, PUCCH.
-----------------------------------------------------------------------------------------------------------------------------
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Appendix
Appendix: LLS from TR 38.824

Link level simulation assumptions from A.3 in TR38.824

Table A.3-1: Link-level simulation assumptions at 4 GHz for all cases with urban macro
	Parameter
	Value

	Carrier frequency for evaluation
	4 GHz

	Channel model
	TDL-C (delay spread: 300ns) as in 38.901

	UE speed
	3 km/h for power distribution and Rel-15 enabled use case;
60 km/h for remote driving and ITS;

	BS antenna configuration
	4 Tx/4 Rx antenna ports and 8 Tx/8 Rx antenna ports
Higher BS antenna configurations for evaluation are not precluded 

	UE antenna configuration
	2 Tx/4 Rx antenna ports
Higher UE antenna configurations for evaluation are not precluded

	System bandwidth
	40 MHz
Note:
For FDD, 40 MHz for DL and 40 MHz for UL. Note that this is for evaluation purpose because there is no FDD bands identified at 4 GHz currently. 
For TDD, 40 MHz for DL/UL.

	Sub-carrier spacing
	30 kHz
Note: Other values for evaluation are not precluded. 

	Channel estimation
	Practical

	Receiver type
	MMSE

	Q value (i.e. SINR range) 
	Companies report the 5% Q value 


-	Evaluation of 700 MHz and 2 GHz carrier frequency are not precluded. 

Table A.3-2: Link-level simulation assumptions at 4 GHz for all cases with indoor hot-spot and factory automation 
	Parameter
	Value

	Carrier frequency for evaluation
	4 GHz

	Channel model
	TDL-D (delay spread: 30ns) as in 38.901
TDL-C (delay spread: 100ns) as in 38.901

Note: Companies report the modification of the channel model if any

	UE speed
	3 km/h, 30 km/h

	BS antenna configuration
	4 Tx/4 Rx antenna ports and 8 Tx/8 Rx antenna ports
Higher BS antenna configurations for evaluation are not precluded 

	UE antenna configuration
	2 Tx/4 Rx antenna ports
Higher UE antenna configurations for evaluation are not precluded

	System bandwidth
	40 MHz
Note:
For FDD, 40 MHz for DL and 40 MHz for UL. Note that this is for evaluation purpose because there is no FDD bands identified at 4 GHz currently. 
For TDD, 40 MHz for DL/UL.

	Sub-carrier spacing
	30 kHz
Note: Other values for evaluation are not precluded. 

	Channel estimation
	Practical

	Receiver type
	MMSE

	Q value (i.e. SINR range) 
	Companies report the 5% Q value



Table A.3-3: Link-level simulation assumptions at 30 GHz for all cases with indoor hot-spot and factory automation 
	Parameter
	Value

	Carrier frequency for evaluation
	30 GHz

	Channel model
	CDL-A (delay spread: 20 ns) as in 38.901 

	UE speed
	3 km/h, 30 km/h

	BS antenna configuration
	2 Tx/2 Rx antenna ports 

	UE antenna configuration
	2 Tx/2 Rx antenna ports

	System bandwidth
	160 MHz
Note: For TDD, 160 MHz for DL/UL. No FDD bands identified at 30 GHz currently. 

	Sub-carrier spacing
	120 kHz
Note: Other values for evaluation are not precluded. 

	Channel estimation
	Practical

	Receiver type
	MMSE

	Q value (i.e. SINR range) 
	Companies report the 5% Q value




Appendix (Companies’ comments during phase 2 EVM discussion for item 2a)

· [bookmark: _Ref44438835]
· Table 1. Inputs from companies on the content of section 2 
	Company
	Input

	DOCOMO
	Common assumptions for PDCCH/PUCCH/PUSCH
Path-loss modeling: 0 dB gap between TRPs is baseline. Companies can also evaluate other values.
Blockage: Option2

For PDCCH
	Parameters
	Potential values

	Baseline schemes
	Option 2: Spec transparent SFN

	AL
	4, 8, 16

	Interleaving
	enabled

	# of RBs/symbols
	4GHz: 102RBs/1 OFDM symbol
30GHz: 66RBs/2 OFDM symbols

	Code rates
	For AL=16: 44/1728≈0.025
For AL=8: 44/864≈0.051
For AL=4: 44/432≈0.102

	DCI payload
	44 bits

	CCE-to-REG mapping
	Interleaved (Interleaver row: 2)

	REG bundling size
	6

	Precoding assumptions
	1-port Precoder Cycling, 
Precoder granularity: REG-bundle

	DMRS configuration
	1/4; symbol #1, #5, #9 within each REG

	Number of repetitions
	1, 2, 4

	Repetition schemes
	TDM/FDM

	Receiver assumption 
	soft combining or selection



For PUSCH
	Parameters
	Potential values

	Baseline scheme
	Rel-15/-16 PUSCH repetition

	waveform
	CP-OFDM

	TBS
	32 Bytes

	# of RBs/symbols
	For 1 TRP: 31 RBs, 8 symbols
For 2 TRPs: 31 RBs, 4 symbols
For 4 TRPs: 29 RBs, 2 symbols

	DMRS pattern
	DMRS configuration Type 1, 1 symbol DMRS

	# of layers
	1

	Code rates
	For 1 TRP: MCS2 (CR=50/1024)
For 2 TRPs: MCS6 (CR=120/1024)
For 4 TRPs: MCS9 (CR=250/1024)

	Frequency hopping
	without FH

	UL transmission scheme
	CB-based, open loop with random precoding

	Redundancy Version
	For 1 TRP: 0
For 2 TRPs: (0,3)
For 4 TRPs: (0,3,0,3)

	Number of repetitions
	1, 2, 4

	Repetition schemes
	TDM

	Receiver assumption
	soft combining




	ZTE
	We have following suggestions
Proposal for Table 2:
· Channel model: CDL is the most typical model for MIMO evaluation. So we propose using CDL for both FR1 and FR2.

In Table 3 for PDCCH:
· Baseline schemes: Spec transparent SFN doesn’t work in FR2 since two TCI states are needed. So we propose to use Rel-15 PDCCH as baseline.
· Receiver assumption: based on our understanding, soft combining cannot be done between two PDCCHs, so we suggest replacing soft combining by chase combing.
· Repetition schemes: SDM for PDSCH needs separate DMRS ports for layers from two TRPs, but PDCCH only has single DMRS port. So we suggest removing SDM.
· Precoding assumptions: Wideband
· Number of repetitions: 1, 2, 4, 8
· DMRS configuration is not needed since PDCCH DM-RS pattern is fixed.

In Table 4 for PUCCH:
· Baseline: Rel-15 PUCCH repetition since no enhancement in Rel-16
· PUCCH format: format 0, 4
· Frequency hopping: enable
· Number of repetitions: 2 4 8


In Table 5 for PUSCH
· Baseline: Rel-16 PUSCH repetition should be the baseline
· UL transmission scheme: Codebook based PUSCH should be used. Companies should clarify TPMIs used for two TRPs are the same or different. Non-codebook based PUSCH is optional. 
· DMRS pattern: 1 front loaded DMRS symbol, 2 additional DMRS symbols, DMRS type 1
· Number of layers: 1
· Number of repetitions: 2 4 8
· Frequency hopping: enable



	Ericsson
	We have the following comments:

On Table 2:
· Regarding channel model, RAN1 made a Rel-16 agreement following an email discussion that both TDL and CDL can be used for either FR1 or FR2.  So, we think the same assumption can be adopted in Rel-17 (i.e., TDL/CDL can be used for FR1/FR2).
· Regarding blockage, we prefer Option 1 since it has been used in Rel-16 evaluations.

On Table 3 (PDCCH):
· AL: 4 or 8 can be considered with same number of CCEs for baseline and enhancement.
· Interleaving: both interleaved and non-interleaved can be considered.
· # of RBs/symbols: consider 1 symbol per TRP.  The number of RBs depends on AL.
· Code rate: depends on the AL and payload size.  We can consider code rate of ~0.17 for AL=4 and ~0.09 for AL=8.
· DCI payload:  52 bits
· CCE-to-REG mapping: if interleaving is used, interleaver size and shift can be left up to companies.
· REG bundling size: 6
· Precoding assumptions:  Precoder cycling; precoder granularity: REG-bundle.
· DMRS configuration: follow TCI state
· Number of repetitions: 2
 
On Table 4 (PUCCH):
· PUCCH Format: 0, 1, 2, 3, 4.
· # of RBs/symbols: we propose the following
· Formats 0: 2 symbols, 1RB
· Format 1: 4 symbols, 1RB
· Format 2: 2 symbols, 4RBs
· Formats 3, 4: 8 symbols, 1RB
· UCI payload: we propose the following
· Formats 0, 1:  2 bits
· Formats 2, 3, 4: 8/16 bits
· Code rates: Max rate of 0.35
· Frequency hopping: intra-slot frequency hopping
· Number of repetitions: we propose the following
· 2 repetitions for Formats 0, 2
· 2/4/8 repetitions for Formats 1, 3, 4
· Receiver assumptions:  with or without soft combining

On Table 5 (PUCCH):
· # of RBs/symbols: we propose the following
· 8 RBs and 10 symbols for Repetition Type A
· 40 RBs and 2 symbols for Repetition Type B
· DMRS pattern: Type 1 DMRS, 1+1 for Type A.
· # of layers:  up to 2
· Code rates: medium (~0.4) and low (<0.2)
· Frequency hopping: we propose the following
· intra-slot for Repetition Type A
· inter-repetition for Repetition Type B
· UL transmission scheme:  Codebook based.  Companies can optionally evaluate non-codebook based.
· Redundancy version: per TRP
· # of repetitions: as supported in Rel-15/16
· Receiver assumption: with or without soft combining.

Regarding baseline assumptions in Tables A.3-1 and A.3-2:
· For BS antenna configuration, 2Tx/2Rx antenna ports can also be considered at 4GHz


	Qualcomm
	Comments regarding Table 2 (common assumptions):
· For Path-loss modeling: x=0,3,6 dB
· For blockage: Both options 1 and 2 can be kept (option 2 may be more suitable for FR2 while options 1 is already used in Rel. 16 EVM). For option 2: x=10 / 20dB, p=5%
· Target BLER: The range [10^-3, 10^-5] is reasonable and may be better to no fix it to one value given that 10^-5 requires longer simulations. In our view, it is preferred that all BLER curves show at least up to 10^-4, which requires ~10^6 samples for reliable statistics. 
Comments regarding Table 3 (PDCCH):
· Baseline: Option 1. Agree with ZTE that transparent SFN may not work for FR2.
· AL: It should not be limited to certain ALs. Otherwise, different behaviors for high vs low coding rate cannot be observed.
· “Interleaving” is not clear. It should be part of “CCE-to-REG mapping” row unless if it refers to something else (other than RRC param “cce-REG-MappingType”)
· # of RBs/symbols: Since AL 16 requires 96 REGs, for CORESET configuration we can have a) 48 RBs/2 symbols and b) 96 RBs/1 symbol
· Code rates: Not needed. AL and DCI size determine it unambiguously. 
· DCI payload: 40+24 as baseline and 66+24 as optional. The higher DCI payload is good to be simulated in addition to the typical DCI size in order to ensure different coding rate regimes are simulated. 
· CCE-to-REG mapping: Both non-interleaved and interleaved should be considered. The detailed parameters (e.g. REG bundle size / interleaverSize) can be reported by companies.
· “REG bundling size” is part of CCE-to-REG mapping and is not needed as a separate row.
· Precoding assumption: This needs clarification as to whether it refers to RRC parameter “precoderGranularity” or not:
· For precoderGranularity: We suggest focussing on “sameAsREG-bundle”. Otherwise, interleaved CCE-to-REG mapping type is not possible in most cases.
· For general precoding assumption at the gNB: Precoder cycling can be used as closed-loop precoding is typically not assumed for PDCCH (even though it is possible by using SRS in TDD)
· DMRS configuration: It may be needed only if SDM is considered. Otherwise, DMRS configuration for PDCCH is fixed and there is no reason to change that for FDM/TDM.
· Number of repetitions: This should be removed. A multi-TCI state PDCCH may not use repetition (similar to schemes 1a (SDM) and 2a (FDM) in Rel. 16).
· “Repetition scheme” can be replaced with “scheme” due to the reason mentioned above. SDM should be deprioritized for PDCCH as it requires two DMRS ports. Hence, FDM/TDM should be the focus.
· Receiver assumption: This depends on the schemes to be considered by companies.
Comments regarding Table 4 (PUCCH):
· PUCCH format: Suggest to focus on Format 1 (for short PUCCH) and Format 3 (for long PUCCH). The same is agreed for EVM in coverage enhancement WI and would be good to align. Format 4 can be optional.
· # of RBs/symbols: 1RB. 2-symbols for PUCCH format 1 and 8-symbols for PUCCH format 3 / 4.
· Code rate: We prefer to agree on payload size instead: 2 bits for PUCCH format 1 and 11 bits for PUCCH format 3 (larger payload, e.g. for CSI, can be optional).
· Frequency hopping: with and without freq. hopping
· Receiver assumption: There can be different level of details here and should be reported by each company. 
· Across beams / repetitions: Selection diversity / soft combining / joint processing
· Within one beam / repetition: Whether TRP1 tries to also decode / process the copy intended for TRP2
Comments regarding Table 5 (PUSCH): 
· Baseline: Rel. 16 PUSCH repetition (Type A / Type B)
· Transmission mode: codebook-based / non-codebook-based should be reported by companies
· Number of layers=1 (2 can be optional)
· Receiver assumption / Frequency hopping: Same as PUCCH

	OPPO
	On Table 2:
· Support TDL for FR1 and CDL for FR2 as baseline. Companies can use CDL for FR1 optionally.
· Support x={0,3,6}dB gap between TRPs
· Regarding blockage modeling, for consistence between companies, Option 1 used in Rel-16 can be baseline and companies can also use Option 2 optionally. 

On Table 3:
· Support Rel-15 PDCCH as baseline for FR1 and FR2.
· Precoding assumptions: Precoder cycling with granularity of REG-bundle
· Number of repetitions: 2. With more repetitions, latency and resource would be an issue.
· Repetition schemes: TDM and FDM should be prioritized. For SDM, URLLC scheme 1c (e.g. Two TCI states for the same PDCCH DMRS port) can be considered, but the priority should be lowered.

On Table 4:
· Baseline can be Rel-15 PUCCH repetition
· Frequency hopping or not can be reported by companies.
· Number of repetitions include at least {2,4,8}
· Receiver assumption is reported by companies

On Table 5:
· Baseline can be Rel-16 PUSCH repetition for eURLLC
· Number of layer: 1
· Frequency hopping or not can be reported by companies.
· UL transmission scheme: Codebook based as baseline. The same TPMI (but same/differed Tx beams) for all the repetitions (the same as that in eURLLC)
· Number of repetitions reuses that of Rel-16 eURLLC
· Receiver assumption is reported by companies

	Lenovo/MotM
	For table 2:
· Path-loss modeling: 0dB gap between TRPs is baseline.

For table 3:
· Baseline scheme: Spec transparent SFN scheme cannot work in FR2, so we propose “Option 2: Spec transparent SFN in FR1”
· AL: 8/16
· Interleaving: Enabled
· # of RBs/symbols: 30GHz:66RBs/2 OFDM symbols.
· Precoding assumption: Wideband should be the baseline
· DMRS configuration: two DMRS ports are supported for SDM based scheme by configuring two different pdcch-DMRS-ScramblingIDs.
· Number of repetitions: 2/4/8.
· Repetition Schemes: SDM / FDM / TDM(baseline scheme). 

For table 4:
· PUCCH format: Format 0/4
· Frequency hopping: Enabled
· Number of repetitions: 4/8/16
· Receiver assumption: Soft combining

For table 5:
· DMRS pattern: DMRS type 1, 1 front loaded DMRS symbol with [2] additional DMRS symbols 
· # of layers: Up to 2 layers
· Frequency hopping: Enabled
· UL transmission scheme: Codebook based PUSCH transmission.
· Redundancy Version: Similar with Rel-16 PDSCH URLLC scheme 4.
· Number of repetitions: 4/8/16
· Receiver assumption: Soft combining

	Intel
	Table 2 (Common assumption)
· Support TDL/CDL for FR1/FR2. To allow flexibility no need to define baseline/optional. TDLA30 can be used for FR2 as in 38.104.
· pathloss modeling – current description is ok, up to proponents to choose x dB

Table 3 (PDCCH)
· Baseline – both options are valid for FR1 and can be kept – its up to companies to make a fair comparison.
· AL: Rel-15 (up to company preference)
· Interleaving/CCE-to-REG-map: Rel-15, up to company preference
· # of RBs/symbols: depending on AL, up to company preference
· Code-rates: depending on AL, up to company preference
· DCI payload: 40 bits from URLLC EVM 38.824, additional up to company preference
· CCE-to-REG mapping: see above
· REG bundling size: Rel-15 based on interleaving, up to company preference
· Precoding assumptions: 1-layer transparent to spec
· DMRS configuration: Rel-15 
· Number of repetitions: 2
· Repetition schemes: propose to only keep TDM/FDM
· Receiver assumptions: soft-combining details, selection-diversity (up to proponents)

Table 4 (PUCCH)
· Baseline: Current description is ok
· PUCCH format: Long (PF1 or PF3 or PF4), details up to company preference 
· # of RBs/symbols
· code-rate: up to company preference
· frequency hopping: up to company preference
· Number of repetitions: 2 (other values up to company preference)
· Receiver assumption: selection-diversity, soft-combining, up to company proponents

Table 5 (PUSCH)
· Baseline: Current description is ok
· # of RBs/symbols: up to company preference
· DMRS pattern: up to company preference
· # of layers: 1, CP-OFDM
· code-rate: up to company preference
· frequency hopping: up to company preference
· UL transmission scheme: spec. transparent Tx div
· Redundancy version: Rel-15 
· Number of repetitions: 2 (other values up to company preference)
· Receiver assumption: selection-diversity, soft-combining, up to proponents


	LG
	On Table 2:
· Support x={0,3,6}dB gap between TRPs
· Support Option 1 for blockage model, which was agreed for Rel-16 MTRP URLLC evaluation.
· Support the current range [10^-3, 10^-4, 10^-5]. Target initial BLER 10^-3 can be used considering retransmission.
On Table 3:
· Baseline scheme: Option 1 for FR 2 and Option 2 for FR 1.
· Precoding assumptions: Precoder cycling with granularity of REG-bundle makes senses.
· Number of repetitions: it is up to company whether to evaluate more than 2.
· Repetition schemes: Add SFN based repetition (i.e., scheme 1c, Two TCI states for the same PDCCH DMRS port), which uses the same time/frequency/spatial (=layer) resource, or leave it up to company.
On Table 4:
· Baseline scheme: Rel-15 PUCCH repetition
· PUCCH format: Format 1 (for short PUCCH) and Format 3 (for long PUCCH) are good as a starting point, which are the same as EVM in coverage enhancement WI.
· Frequency hopping: up to company
On Table 5:
· Baseline: Rel-16 PUSCH repetition
· Number of layer: 1
· Frequency hopping: up to company
· UL transmission scheme: Codebook based or non-codebook based.
· Same number of repetitions as Rel-16 eURLLC


	Apple
	Target BLER
· We think target BLER = 0.01 for PUCCH/PDCCH and BLER=0.1/0.01 for PUSCH should be included as well 
· Suggest to define the antenna virtualization weight for PDCCH and PUCCH

PDCCH
	Parameters
	Potential values

	Baseline schemes
	Rel-15 PDCCH

	AL
	8

	Interleaving
	Companies provide input

	# of RBs/symbols
	1 symbol

	Code rates
	Determined by payload size 

	DCI payload
	40 without CRC

	CCE-to-REG mapping
	Companies provide input

	REG bundling size
	6

	Precoding assumptions
	Companies provide input

	DMRS configuration
	Rel-15 DMRS configuration

	Number of repetitions
	Not needed

	Repetition schemes
	Not needed

	Receiver assumption 
	MMSE-IRC



PUCCH
	Parameters
	Potential values

	Baseline scheme
	Rel-15/-16 PUCCH repetition

	PUCCH format
	Format 1 and 3

	# of RBs/symbols
	1 RB, 4 symbols for Format 1 and 4 symbols for Format 3

	Code rates
	Companies provide input

	Frequency hopping
	Companies provide input

	Number of repetitions
	Companies provide input

	Repetition schemes
	TDM

	Receiver assumption
	MMSE-IRC



PUSCH
	Parameters
	Potential values

	Baseline scheme
	Rel-15/-16 PUSCH repetition

	# of RBs/symbols
	50 RB, 4 symbols, 14 symbols

	DMRS pattern
	Companies provide input

	# of layers
	1, 2

	Code rates
	MCS = 6, 14 from MCS table 1

	Frequency hopping
	Companies provide input

	UL transmission scheme
	Codebook based

	Redundancy Version
	Companies provide input

	Number of repetitions
	Companies provide input

	Repetition schemes
	TDM

	Receiver assumption
	MMSE-IRC







	vivo
	Please find the views on each tables below:

· Common assumptions for PDCCH/PUCCH/PUSCH
	Parameters
	Potential values

	The number of TRPs
	Only 2, similar to PDSCH enhancement in Rel-16 which  supports at most two TRPs. 

	Channel model
	Prefer CDL for FR1 and FR2. AoD/ZoD/AoA/ZoA from each TRP to the UE panel can refer to the assumptions in Rel-16 LLS for multi-beam.

	Path-loss modeling
	[0, 6] dB gap between TRPs

	Blockage
	Prefer Option 1, but should be clarified time duration of blockage e.g. [100] consecutive slots. 

	
	

	Antenna configuration
	Details on BS/UE antenna configuration in the tables in Appendix should be clarified, assumptions in Rel-16 LLS for multi-beam can be baseline.



Detailed assumptions for each channel are updated as follows:

· Detailed assumptions for PDCCH
	Parameters
	Potential values

	Baseline schemes
	For FR1, the option2 (Spec transparent SFN) is OK 
considering omni-antennas in UE side. 
For FR2, UE cannot receive same DMRS port with
different TCI states configured by QCL-type D, 
prefer option 1 as starting point 

	AL
	Candidate values: [16, 8, 4] 

	Interleaving
	Both non-interleaved and interleaved can be 
considered.

	# of RBs/symbols
	48 or 96PRBs, and 2 symbols per CORESET

	Code rates
	Code rate depends on payload and actual AL

	DCI payload
	~50bits

	CCE-to-REG mapping
	If interleaving is configured, companies to report 
the details.

	REG bundling size
	6

	Precoding assumptions
	Precoding cycling.

	DMRS configuration
	Based on Rel-15.

	Number of repetitions
	2, 4

	Repetition schemes
	TDM/FDM/combination of TDM and FDM.

	Receiver assumption 
	Soft bit combining with same AL or independent 
decoding



· Detailed assumptions for PUCCH
	Parameters
	Potential values

	Baseline scheme
	Rel-15 PUCCH repetition

	PUCCH format
	All formats can be considered

	UCI payload size
	2 bits for format 0, 1
20/40/100 bits for other formats

	# of RBs/symbols
	[x] PRBs and 7, 14 symbols

	Code rates
	Code rate depends on payload and number of PUCCH REs

	Frequency hopping
	Inter-slot/intra-slot FH

	Number of repetitions
	2, 4

	Repetition schemes
	TDM

	Receiver assumption
	MMSE with/without soft combining

	DMRS configuration
	According to Rel-15 DMRS rule




· Detailed assumptions for PUSCH
	Parameters
	Potential values

	Baseline scheme
	Rel-15/-16 PUSCH repetition 
Prefer Type A to reduce simulation workload.

	DMRS pattern
	Type1 DMRS, single symbol/single port. Additional DMRS is necessary for high speed [e.g 60km/h].

	# of layers
	1 layer

	Code rates
	QPSK with low code-rate. Prefer same MCS in each repetition.

	Frequency hopping
	Both disabled and enabled FH can be considered. 

	UL transmission scheme
	Codebook and non-codebook are supported. But same scheme in each repetition.

	Redundancy Version
	Based on PUSCH repetition typeA

	Number of repetitions
	Based on PUSCH repetition typeA

	Repetition schemes
	TDM

	Receiver assumption
	Soft combining in case of ideal backhaul.

	Waveform
	Both CP-OFDM and DFT-s-OFDM are supported. But same waveform in each repetition.





	CATT
	· Common assumptions for PDCCH/PUCCH/PUSCH
	Parameters
	Potential values

	The number of TRPs
	2

	Channel model
	TDL for FR1
CDL for FR2

	Path-loss modeling
	[0, 3, 6] dB gap between TRPs

	Blockage
	Both options are fine. 
Option 1: Blockage model from Rel-16 (x dB power offset with probability p)
Option 2: Blockage model A in TR38.901

	Target BLER
	[10^-3, 10^-4, 10^-5]



· Detailed assumptions for PDCCH
	Parameters
	Potential values

	Baseline schemes
	Option 1: Rel-15 PDCCH

	AL
	4, 8, 16

	Interleaving
	Enabled

	# of RBs/symbols
	Depends on AL

	Code rates
	Depends on AL and payload size

	DCI payload
	40 bits

	CCE-to-REG mapping
	Interleaved

	REG bundling size
	6

	Precoding assumptions
	1-port precoder cycling

	DMRS configuration
	1/4 density

	Number of repetitions
	2

	Repetition schemes
	TDM

	Receiver assumption 
	soft combining or independent decoding for each 
repetition 



· Detailed assumptions for PUCCH
	Parameters
	Potential values

	Baseline scheme
	Rel-15 PUCCH repetition

	PUCCH format
	Reported by companies

	# of RBs/symbols
	Reported by companies

	Code rates
	Depends on UCI size and available REs for PUCCH

	Frequency hopping
	Up to companies

	Number of repetitions
	2, 4, 8

	Repetition schemes
	TDM

	Receiver assumption
	Soft combing



· Detailed assumptions for PUSCH
	Parameters
	Potential values

	Baseline scheme
	Rel-15/-16 PUSCH repetition

	# of RBs/symbols
	Up to companies 

	DMRS pattern
	Type1 DMRS, single symbol

	# of layers
	1 (2 can be optional)

	Code rates
	Up to companies 

	Frequency hopping
	Up to companies

	UL transmission scheme
	Codebook-based  (non-codebook-based can be optional)

	Redundancy Version
	Reported by companies

	Number of repetitions
	2, 4, 8

	Repetition schemes
	TDM or SDM

	Receiver assumption
	Soft combing





	Huawei, HiSilicon
	For common assumptions: Use 0dB gap between two TRPs as the baseline assumption. To avoid redundant discussion, the blockage model can be inherited from R16 agreement (option 1) if needed. For channel model, CDL channel for PUSCH should also be considered for FR1.

For PDCCH: R15 PDCCH can be the baseline assumption. Other spec transparent schemes, e.g. SFN, can be further analyzed. For the receiver assumption, how to process the PDCCH candidates should be reported by companies, e.g. whether the UE combines PDCCH candidates in signal level or performs soft combining. Several rows may not be needed, e.g. #of RBs (derived from AL), Code rate (derived from payload and AL), DMRS configuration (fixed for PDCCH). 
· PDCCH
	Parameters
	Potential values

	Baseline schemes
	Rel-15 PDCCH

	AL
	AL=4, 8, 16

	Interleaving
	Enable/Disable

	# of RBs/symbols
	1 or 2 symbol, # of RBs depends on the AL

	Code rates
	Depends on the AL and DCI payload.

	DCI payload
	24/40 bits can be considered as starting point.

	CCE-to-REG mapping
	Depends on the interleaving method.

	REG bundling size
	6

	Precoding assumptions
	closed loop precoding (PMI report for FDD and SRS for TDD)

	DMRS configuration
	Not needed as DMRS configuration for PDCCH is fixed

	Number of repetitions
	Can be 2 or without repetition.

	Repetition schemes
	TDM/FDM

	Receiver assumption 
	e.g., soft combining or not



For PUCCH, prefer to focus on format 0 (short PUCCH) with 2 bits for less latency and format 4 (long PUCCH) of 4 RBs with 11 bits for better frequency diversity.
· PUCCH
	Parameters
	Potential values

	Baseline scheme
	Rel-15/-16 PUCCH repetition

	PUCCH format
	0/4

	# of RBs/symbols
	Format 0: 2 symbols, 1RB
Formats 4: 4/8 symbols, 4RB

	Code rates
	Format 0: 2 bits
Format 4: 11 bits

	Frequency hopping
	Enable/Disable

	Number of repetitions
	1/2/4. Considering feedback latency, reliability enhancement within one repetition (no repetition) should also be considered.

	Repetition schemes
	TDM

	Receiver assumption
	Joint reception by TRPs.



For PUSCH, R15/R16 schemes should be the baseline. For UL transmission scheme, both codebook and non-codebook schemes should be included. Companies report the FDM/TDM TPMIs for codebook schemes. For receiver assumption, joint detection by multi-TRPs is used, i.e. by combining received signal and detecting/decoding PUSCH with multiple receive antenna arrays.
· PUSCH
	Parameters
	Potential values

	Baseline scheme
	Rel-15/-16 PUSCH repetition

	# of RBs/symbols
	16/32 RBs or larger.

	DMRS pattern
	DMRS configuration Type 1 and 2

	# of layers
	1

	Code rates
	Medium (~0.4) and low (<0.2)

	Frequency hopping
	Enable/Disable, companies report TPMI in different hopping for CB transmission.

	UL transmission scheme
	CB or NCB. Companies report TPMI in FDM/TDM for CB transmission.

	Redundancy Version
	If repetition>1, R16 URLLC scheme can be used.

	Number of repetitions
	If repetition>1, companies report TPMI in repetitions for CB transmission.

	Repetition schemes
	TDM/FDM.

	Receiver assumption
	Joint reception by TRPs.





	MediaTek
	For Table 2 (common assumptions): 
· CDL should be applied to both FR1 and FR2. 
· The pathloss difference between TRPs can be 3 or 6 dB.
· For blockage model, we prefer Option 1 for now unless there is a convincing model for LLS considering both blockage and mobility.
· For comparing different schemes, it should be sufficient to set the target BLER as 10^-4.
· Practical channel estimation but noise estimation can be ideal.

For Table 3 (PDCCH):
· Rel-15 PDCCH with DPS should be the baseline. Spec-transparent SFN should be considered for FR1 as well.
· AL 4, 8 (to compare with DPS with AL 8, 16, respectively)
· The CCE-to-REG mapping can be interleaved or non-interleaved. For an interleaved mapping, we prefer one aligned setting among companies.
· Precoder cycling is applied across REG bundles.
· REG bundle size = 6
· SDM can be deprioritized.
· Number of repetitions: 2, 4

For Table 4 (PUCCH):
· PUCCH formats 1, 3
· Whether to enable frequency hopping can be reported by companies
· Number of repetitions: 2, 4

For Table 5 (PUSCH)
· DMRS pattern: DM-RS configuration type 1
· Single-layer transmission
· Codebook-based UL transmission is baseline.
· Whether to enable frequency hopping can be reported by companies
· Number of repetitions: 2, 4

	Nokia/NSB
	For Table 2, 
Channel model: TDL for FR1 and CDL for FR2 should be ok. No change to the table 2. 
Path-loss modeling: x = 0,3, 6 dB
Blockage: option 1. 
Target BLER: 10-5. All other targets can be derived by that. 

For Table 3, 
Baseline schemes: Rel-15 PDCCH. As several companies highlighted, SFN does not work for FR2. 
AL: All AL can be used. If we do not use smaller AL, it may be harder to compare with baseline scheme as maximum that baseline scheme can use is Al = 16. 
Interleaving: this may depend on the schemes that company propose. No need to fix. 
# of RBs/symbols: remove RBs. Symbols can be 1-3. 
Code rates: remove this field. Not make any sense. 
DCI payload: no strong view. 40 bits payload should be good enough. With CRC = 64 bits. 
CCE-to-REG mapping: companies to report as this may depend on proposals. 
REG bundling size: Companies to report. 
Precoding assumptions: Companies to report.
DMRS configuration: Companies to report for SDM case. Otherwise, Rel-15. 
Number of repetitions: Companies to report. Depending on the scheme, can be 1/2/4. 
Repetition schemes: TDM/FDM/SDM
Receiver assumption: companies to report. 

For Table 4, 
Baseline scheme: Rel-15 PUCCH repetition 
PUCCH format: Companies to report. Can be format 0, 1 and 3. 
# of RBs/symbols: Companies to report, and this may depend on the scheme. 
Code rates: Companies to report. 
Frequency hopping: enable/disable 
Number of repetitions: 2, 4, 8
Repetition schemes: TDM
Receiver assumption: Companies to report. 

For Table 5, 
Baseline scheme: Rel-16 PUSCH repetition type A and B. 
# of RBs/symbols: not needed. Payload size may be much better to define this. 
DMRS pattern: Companies to report. 
# of layers: 1 and 2. 
Code rates: lower and moderate code rates. Companies to report exact MCS. 
Frequency hopping: enable/disable. 
UL transmission scheme: companies to report. 
Redundancy Version: not needed to fix. Companies to report.  
Number of repetitions: 2, 4, 8. 
Repetition schemes: TDM
Receiver assumption: Companies to report.

	Futurewei
	Table 2
Path-loss of 0 dB gap as baseline; may allow up to +/- 6 dB gap. Even larger gaps may be simulated and reported by companies
Blockage: Option 1 Rel-16 
Target BLER of 10^-5 should be included for control channels, including PDCCH/PUCCH, as generally control channels should be made more reliable than data channels. For PUSCH it should fine to simulate up to 10^-4.
As a general comment, there can be a lot of details in the schemes/enhancements/parameters, and the tables may not need to capture all possible ones. Those not listed in the tables can still be considered and reported.
Table 3
Baseline Option 1 Rel-15 PDCCH
AL of at least 8 or 16 should be included
Repetition schemes of TDM/FDM should be included. It is questionable how SDM may be used for PDCCH
Table 4
PUCCH format 0 or 4 should be the focus
Repetition of 2, 4, and 8 may be considered
Receiver assumption of soft combining or chase combining can be included, and companies should also report in which scenarios the assumption may hold (e.g., fast backhaul and tightly synchronized TRPs)
Table 4
Repetition of 2 and 4 may be considered
Receiver assumption of soft combining or chase combining can be included, and companies should also report in which scenarios the assumption may hold (e.g., fast backhaul and tightly synchronized TRPs)

	Samsung
	· Common assumptions for PDCCH/PUCCH/PUSCH
	Parameters
	Potential values

	The number of TRPs
	2

	Channel model
	TDL for FR1
CDL for FR2

	Path-loss modeling
	[0, 3, 6] dB gap between TRPs

	Blockage
	Option 1 (baseline)
Option 2 (optional)

	Target BLER
	[10^-3, 10^-4]



· Detailed assumptions for PDCCH
	Parameters
	Potential values

	Baseline schemes
	Option 1: Rel-15 PDCCH

	AL
	4, 8, 16

	Interleaving
	Companies provide input

	# of RBs/symbols
	1 or 2 symbol, # of RBs depends on the AL

	Code rates
	Depends on the AL and DCI payload.

	DCI payload
	40 bits

	CCE-to-REG mapping
	Depends on interleaving

	REG bundling size
	Depends on interleaving

	Precoding assumptions
	Precoder cycling with granularity of REG-bundle

	DMRS configuration
	Rel-15 DMRS configuration

	Number of repetitions
	2, 4, 8

	Repetition schemes
	TDM/FDM

	Receiver assumption 
	with or without soft combining



· Detailed assumptions for PUCCH
	Parameters
	Potential values

	Baseline scheme
	Rel-15/-16 PUCCH repetition

	PUCCH format
	Format 2 for short PUCCH
Format 3 for long PUCCH
(For both short and long PUCCH formats, the performance evaluation should be performed according to various UCI payloads including HARQ-ACK/SR/CSI report cases.)

	# of RBs/symbols
	# of RBs: up to companies
# of symbols:
2 symbols for Format 2
4 symbols for Format 3

	Code rates
	Depends on UCI size and available REs for PUCCH

	Frequency hopping
	Up to companies

	Number of repetitions
	2, 4, 8

	Repetition schemes
	TDM

	Receiver assumption
	with or without soft combining



Detailed assumptions for PUSCH
	Parameters
	Potential values

	Baseline scheme
	Rel-15/-16 PUSCH repetition

	Waveform
	CP-OFDM

	# of RBs/symbols
	Up to companies

	DMRS pattern
	DM-RS configuration type 1

	# of layers
	1, 2

	Code rates
	Depending on RBs/layers/payload bits

	Frequency hopping
	Up to companies

	UL transmission scheme
	Codebook based UL transmission is baseline. Non-codebook based can be optional.

	Redundancy Version
	Based on PUSCH repetition typeA

	Number of repetitions
	2, 4, 8

	Repetition schemes
	TDM

	Receiver assumption
	with or without soft combining







Based on the inputs from companies, the proposals in the previous section were revised as follows. 
Changes relative to V19_interim3 are marked in red: 
	Parameters
	Potential values
	comments

	The number of TRPs
	2
	

	Channel model
	TDL for FR1 (CDL for FR1 can be optionally used)
CDL for FR2 (TDL for FR2 can be optionally used)
	

	Path-loss modeling
	{0,3,6} dB gap between TRPs
	

	Blockage
	Option 1: Blockage model from Rel-16 (x dB power offset with probability p): Companies to report x and p, and other assumptions, if any.
	Vivo suggested to use i.i.d. blockage / channel. The i.i.d. blockage is implied based on the description “with probability p”. Companies can report if they make other assumptions, e.g. blockage correlation in time. 

	Target BLER
	[10^-3, 10^-4, 10^-5]: BLER values shown in plots should be based on enough number of samples, e.g., ~100/BLER samples
	Based on the input from Huawei, HiSilicon. In addition, as mentioned by other companies, performance at 10^-2 can be seen of BLER curves are shown up to [10^-3,10^-4, 10^-5] points.


For Common assumptions:

For PDCCH assumptions:
	Parameters
	Potential values
	Comments

	Baseline schemes
	Option 1: Rel-15 PDCCH
Option 2: Spec transparent SFN
For FR1: Both options 1 and 2 can be considered
For FR2: Option 1.
	

	AL
	8 as baseline. Companies are encouraged to simulate other AL’s additionally for different code rate regimes.
	

	# of RBs/symbols
	1 or 2 symbols. Companies to report # of RBs. 
	

	DCI payload
	40+24(CRC)=64 as baseline. Other payload values are not precluded. 
	Based on input from Ericsson. 

	CCE-to-REG mapping
	Both Interleaved and non-interleaved can be considered. Companies to report the assumptions including interleaverSize in the case of interleaved.
	

	REG bundling size
	6 and 2 as baseline.
	Based on input from Qualcomm.

	Precoding assumptions
	Precoding cycling, precoder granularity=REG bundle as baseline.
Closed-loop precoding can be used optionally
	Huawei, HiSilicon commented that this can be reported by companies. Given that majority of companies support precoding cycling and granularity as REG bundle, we can keep it as baseline.

	Schemes
	TDM/FDM as baseline
Details of the schemes used (including TDM,FDM, etc.) to be reported by companies.
	Based on input from LG. Also, the schemes probably have more details than whether they are FDM/TDM/SDM. Hence, it makes sense that the details are reported by companies.

	Receiver assumption 
	Up to companies to report
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