3GPP TSG RAN WG1 #103-e	R1-2007540
e-Meeting, October 26 – November 13, 2020
Agenda Item:	8.1.2.1
Source:	FUTUREWEI
Title:	Multi-TRP/panel for non-PDSCH
Document for:	Discussion/Decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP RAN Meeting #86, a new work item (WI) on Further enhancements on MIMO for NR (NR_FeMIMO, see RP-193133) was approved. Among the multiple objectives in the WI, the following is concerned with multi-TRP/panel for non-PDSCH enhancements:
3. 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 
In 3GPP RAN1 Meeting #102-e, a set of agreements on multi-TRP/panel for non-PDSCH enhancements were achieved. In this contribution, further discussions on these enhancements are provided. 

Deployment scenario clarification
The following issues may need to be first clarified in order to enhance M-TRP non-PDSCH operations:
· Propagation delay differences
The Rel-17 M-TRP propagation delay difference should be at least equal to or even larger than the Rel-16 M-TRP propagation delay difference, especially considering URLLC use cases and large cells. If RAN1 limits the Rel-17 M-TRP to at most the same propagation delay difference of Rel-16, then the applicable scenarios will be very limited, and the resulting design would only be useful to very small areas (e.g., around the midpoint of two neighboring cells) of the network or cells with limited sizes.
· Assumptions on network synchronization and backhaul
The following backhaul assumptions should be discussed and decided:
· Time/frequency synchronization assumptions for the multiple TRPs
For example, timing difference between the TRPs may cause the CP or one FFT insufficient. How well the time/frequency synchronization between the TRPs is may depend on the backhaul assumption. If ideal backhaul can be assumed, then likely the timing/frequency differences between the TRPs are negligible; otherwise non-negligible synchronization differences should be considered in the design.
· Backhaul latency and coordination
For some intra-cell M-TRP deployments, ideal/fast backhaul and therefore dynamic coordination may be assumed, but for general M-TRP and especially for inter-cell TRPs, ideal/fast backhaul cannot be always assumed. In general, backhaul latency of a few milliseconds to a couple of tens of milliseconds and semi-static coordination should be considered in the typical designs.
· M-TRP signal delay spread and CP length
Depending on the synchronization among the TRPs and the relative distances of the TRPs to the UE, the possible assumptions are:
· The M-TRP signal delay spread is much shorter than the CP length 
This assumption may hold only if the M-TRP distance is small (e.g., intra-cell M-TRP scenario within a small cell), UE located near the midpoint of the TRPs, and TRPs are tightly synchronized, which is already supported by Rel-16 M-TRP. This may have limited applications.
· The M-TRP signal delay spread is shorter than but comparable to the CP length
Even though the M-TRP signal delay spread may be within the CP length, the arrive time difference from the TRPs may still be large. The UE may still need to have the capability of supporting multiple tracking loops and FFT windows in order to improve its signal reception performance.
· The M-TRP signal delay spread is longer than the CP length
Multiple tracking loops and FFT windows are needed in this case. For FR2, the CP length is short and the M-TRP signal delay spread is longer than the CP length, and multiple panels at the UE side can be used to process the signals from the multiple TRPs separately.
Clearly, the design for multi-TRP non-PDSCH enhancements highly depend on the above assumptions and hence assumptions should be clarified before moving forward to designing details. 
Proposal 1: For multi-TRP non-PDSCH enhancement, clarify the scenario and key assumptions on propagation delay difference, time/frequency synchronization, backhaul, and M-TRP signal delay spread.

PUCCH enhancement
In 3GPP RAN1 Meeting #102-e, the following agreements concerning PUCCH enhancements were achieved:
Agreement 
To improve reliability and robustness for PUCCH using multi-TRP and/or multi-panel, consider all PUCCH formats. 
Agreement
To enable TDMed PUCCH transmission with different beams, support configuring/activating of multiple PUCCH Spatial Relation Info. RAN1 shall further study the exact schemes considering the following aspects, 
· Method of configuration/activation of multiple spatial relation info
· Use of the same PUCCH resource or different PUCCH resource for PUCCH transmission 
· Mapping between PUCCH repetition/symbol and spatial relation info among multiple PUCCH repetitions / multiple PUCCH symbols.
Agreement
For configuration/indication of the number of PUCCH repetitions, RAN1 shall further study the following,  
· Alt.1: Use Rel-15 like framework
· Alt.2: Dynamic indication of the number of PUCCH repetitions 
Agreement 
For multi-TRP PUCCH transmission, further investigate required power control enhancement. 
Agreement 
Further study M-TRP CG PUSCH reliability enhancements in Rel-17. 
Agreement 
Support TDMed PUCCH scheme(s) to improve reliability and robustness for PUCCH using multi-TRP and/or multi-panel. Study the following alternatives,
· [bookmark: _Hlk52545410]Alt.1: supporting both inter-slot repetition and intra-slot repetition / intra-slot beam hopping.
· Alt.2: supporting only inter-slot repetition
· Note1: It is not precluded to study the use of multiple PUCCH resources to repeat the same UCI in both inter-slot repetition and intra-slot repetition.  
· Note2: The alternatives are clarified as below,
· inter-slot repetition: One PUCCH resource carries UCI , another one or more PUCCH resources or the same PUCCH resource in another one or more slots carries a repetition of the UCI .
· intra-slot repetition: One PUCCH resource carries UCI , another one or more PUCCH resources or the same PUCCH resource in another one or more sub-slots carries a repetition of the UCI 
· intra-slot beam hopping: UCI is transmitted in one PUCCH resource in which different sets of symbols have different beams

Analysis and proposals are provided below. First, to enable TDMed PUCCH transmission with different beams towards different TRPs, multiple PUCCH spatial relation info needs to be configured/activated. There could be several ways to accomplish this. One is to specify multiple spatial relation info for the same PUCCH resource, and when the PUCCH resource is targeted to TRP1 then the spatial relation info 1 is to be used, and when the PUCCH resource is targeted to TRP2 then the spatial relation info 2 is to be used. However, it is questionable why the same PUCCH resource has to be used. The transmissions to the different TRPs differ in many respects, including spatial relation info, pathloss RS, power control parameters, TA, etc., and one could be configured with hopping whereas the other without hopping, or one could be of long format and the other be of short format, and so on. Therefore, a more natural way is to configure/activate separate PUCCH resources, each of which has its own parameters including the spatial relation info. If the PUCCH resources are mostly configured/activated/transmitted together (in a TDM fashion), they could be specified together as a PUCCH resource pair with an explicit/implicit association between them, so that the pair is activated/transmitted together, e.g., when one is activated, the other is also activated automatically, which may help reduce some signalling overhead in some cases.
Proposal 2: To enable TDMed PUCCH transmissions with different multiple spatial relation info, consider:
· Option 1: multiple separate PUCCH resources, each associated with one spatial relation info; or
· Option 2: one PUCCH resource with multiple spatial relation info. 
Option 1 should be supported.

By the same token, multiple separate sets of PUCCH power control parameters should be configured, and each set is associated with a PUCCH resource or a PUCCH resource set if the resource set is specified to be used for a particular TRP. The association to a TRP is generally not explicit in the standards, and can be done via the pathloss RS which is associated with or QCLed to a CSI-RS/SSB of a TRP, and/or via PUCCH spatial relation info which is associated with or QCLed to a CSI-RS/SSB/SRS. Each set of PUCCH power control parameters may be assigned with an ID (which is not available as of the latest standards), and the ID is associated with a PUCCH resource or resource set. The power control parameters associated with one ID can include TRP-specific open-loop parameters such as P0, closed-loop parameters such as two closed-loop supported or not, TPC command configuration, spatial relation info and/or pathloss RS, etc. This implies that the UE’s capability and maximum numbers of certain parameters may be increased. For example, with one TRP, the UE may support two closed-loop power control, but with two TRPs, the UE may need to support four closed-loop power control.
Proposal 3: For M-TRP PUCCH power control, configure multiple separate sets of PUCCH power control parameters, each set associated with one TRP and including TRP-specific open-loop parameters, closed-loop parameters, and spatial relation info and/or pathloss RS.

Regarding the configuration / indication of the number of PUCCH repetitions, in existing standards, the following is supported:
For PUCCH formats 1, 3, or 4, a UE can be configured a number of slots, [image: ], for repetitions of a PUCCH transmission by respective nrofSlots. 
This framework seems to be general enough and can be readily extended to Rel-17. Therefore, Alt.1: Use Rel-15 like framework should work well. This can also be extended to support intra-slot repetition. The other alternative of dynamic indication of the number of PUCCH repetitions can also work, but it requires more DCI overhead, and it is not well aligned with the general thinking that most parameters of PUCCH are pre-configured (except for PUCCH resource ID in data scheduling and TPC commands). For periodic PUCCH transmissions, there may not be any DCI except for the TPC command information. Note that the DCI may also need to indicate information such as whether the transmissions to both TRPs are to be performed or only to one of them (for TRP selection), which requires additional 2 bits in the DCI, and hence to add more bits in DCI for repetition indication is not preferred.
Proposal 4: For M-TRP PUCCH repetition configuration/indication, reuse Rel-15 like framework and extend to all PUCCH formats.

For PUCCH inter-slot/intra-slot repetition, both can be supported. Intra-slot repetition allows the UCI to be received with minimum latency and can be useful for URLLC, and thanks to the multi-TRP diversity, the additional gain from time diversity offered by inter-slot repetition on top of intra-slot repetition may be quite small. Thus, intra-slot repetition should be supported. The intra-slot beam hopping is naturally needed to support intra-slot transmissions toward different TRPs and should also be supported. Inter-slot repetition can also be supported, as it provides more flexibility (i.e., more OFDM symbols to use) for the UE to transmit the PUCCH in a TDM way. 
Proposal 5: For M-TRP PUCCH repetition, support Alt1 for both inter-slot repetition and intra-slot repetition / intra-slot beam hopping.

PUSCH enhancement
In 3GPP RAN1 Meeting #102-e, the following agreements concerning PUSCH enhancements were achieved:
Agreement 
For M-TRP PUSCH reliability enhancement, support single DCI based PUSCH transmission/repetition scheme(s). 
· Further study multi-DCI based PUSCH transmission/repetition scheme(s) to identify potential gains and required enhancements. 
· Note: This agreement does not reflect any prioritization of single DCI based PUSCH transmission/repetition over multi-DCI based PUSCH transmission/repetition. Ran1 can further discuss that in the next meeting.  
Agreement 
For single DCI based M-TRP PUSCH reliability enhancement, support TDMed PUSCH repetition scheme(s) based on Rel-16 PUSCH repetition Type A and Type B.
· Further study PUSCH transmission without repetition as a potential candidate M-TRP PUSCH scheme
Agreement
To support single DCI based M-TRP PUSCH repetition scheme(s), up to two beams are supported. RAN1 shall further study the details considering, 
1. Codebook based and non-codebook based PUSCH  
1. Enhancements on SRI/TPMI/power control parameters/any other 
Note1: Companies are encouraged to provide additional details on how above enhancements are applied to different PUSCH repetitions (e.g. mapping between PUSCH repetitions and beams)
Note2: Studying enhancements/aspects related to TA is not precluded.
Agreement
On the mapping between PUSCH repetitions and beams in single DCI based multi-TRP PUSCH repetition Type A and Type B, further study the following, 
· For both PUSCH repetition Type A and B, how the beams are mapped to different PUSCH repetitions (or slots/frequency hops),
· Alt.1: cyclical mapping pattern (the first and second beam are applied to the first and second PUSCH repetition, respectively, and the same beam mapping pattern continues to the remaining PUSCH repetitions). 
· Alt.2: sequential mapping pattern (the first beam is applied to the first and second PUSCH repetitions, and the second beam is applied to the third and fourth PUSCH repetitions, and the same beam mapping pattern continues to the remaining PUSCH repetitions). 
· Alt.3: Half-Half pattern (the first beam is applied to the first half of PUSCH repetitions, and the second beam is applied to the second half of PUSCH repetitions) 
· Alt.34: Other variants (e.g. configurable mapping patterns)
· Note1: For PUSCH repetition type B, the variants considering slot level beam mapping with the same mapping principals (replacing repetition with slot) in Alt.1/2/3 are also included. 
· Note2: For PUSCH repetition type A and B with frequency hopping, the variants considering frequency hop level beam mapping with the same mapping principals (replacing repetition with frequency hop) in Alt.1/2/3 can also be studied further. Final selection of such schemes also depends on the number of beams allowed per PUSCH repetition. 
· For PUSCH repetition Type B, which repetition type that the beams shall consider for the mapping,
· Alt.1: beams are mapped to the nominal repetitions
· Alt.2: beams are mapped to the actual repetitions
· Alt.3: beams are mapped to different slots (not in the granularity of actual/nominal repetition)
· Alt.4: Other variants
· Consider additional requirements on switching gap(s) between two PUSCH repetitions towards different TRPs considering beam switching latency aspects.
· Note: use of the above solutions to multi-DCI based PUSCH repetition and TDMed PUSCH transmission without repetition (when there are agreed to support) is not precluded. 
Some further enhancements may be considered for PUSCH. S-DCI based PUSCH transmission/repetition scheme(s) based on Rel-16 PUSCH repetition Type A and Type B are to be supported. There were discussions on M-DCI. In our view, the M-DCI approach can be applied to more deployment scenarios, such as when the TRPs are not connected with fast backhaul. In addition, M-DCI to schedule M-TRP PDSCH has already been standardized in Rel-16, and for the scenarios where M-DCI is used for PDSCH scheduling, it is natural to schedule PUSCH with M-DCI but unreasonable to restrict to use only S-DCI for PUSCH. Hence, M-DCI approach should be supported, and both Type A and Type B repetitions should be supported.
Proposal 6: For M-TRP PUSCH enhancement, also support M-DCI based PUSCH transmission/repetition scheme(s) based on Rel-16 PUSCH repetition Type A and Type B.

PUSCH repetition schemes are considered to be supported in Rel-17. On the other hand, PUSCH selection schemes should also be considered. There are a few justifications for this. One is that the selection scheme can have performance very similar to that of the repetition schemes if the pathloss difference between the TRPs is not very small. Additionally, selection scheme can help conserve UE power. Supporting both repetition scheme and selection scheme can provide the network and UE with more ability to optimize the operations. The repetition should be for same TB, but the same or different RVs may be considered.
Proposal 7: For M-TRP PUSCH enhancement, support TDMed PUSCH repetition scheme(s) and selection scheme(s) to reduce UE transmission power consumption for both M-DCI and S-DCI based schemes.

Similar to the PUCCH transmission discussion above, two separate sets of PUSCH configurations and transmission parameters should be the most versatile way. This includes two separate sets of power control parameters, each set associated with one TRP and including TRP-specific open-loop parameters, closed-loop parameters, and pathloss RS; two separate sets of SRI/TPMI parameters; and so on. 
An issue worth mentioning is the UL TA issue. For UL TA, detailed analysis can be found in Appendix 1. Note that a TA offset is relative to a certain DL timing, such as DL OFDM symbol starting time (based on the strongest path, or first path, or up to UE implementation) or the like, and the DL timing is referred to as the UL TA reference timing. The key observation from the detailed analysis is that, for Options 1~3 with only one UL TA offset and/or only one UL TA reference timing, there always exist some cases that a TRP will experience UL receive timing offset much longer (such as twice as long) than the TRP timing synchronization difference or propagation delay difference. Thus, the UL timing issue is a much more severe issue than DL timing issue. In other words, even if in DL, the M-TRP signals can be fit into one CP length, this will not be the case for UL in general. For example, if the DL timings at the UE side have a difference of 2 us, which may be within the CP length for 15 kHz SCS, the UL timing error seen at the TRP side may become 4 us, which is comparable to the CP length and can degrade the performance. UL TA needs to adopt Option 4, in which multiple TA offsets (i.e., TRP-specific TA offsets) are needed and multiple UL TA reference timings (i.e., TRP-specific reference timings to be used for the respective UL transmissions) are needed. 
Proposal 8: For M-TRP PUSCH enhancement, support two separate sets of PUSCH configurations, including:
· Two separate set of power control parameters, each set associated with one TRP and including TRP-specific open-loop parameters, closed-loop parameters, and pathloss RS;
· Two separate sets of SRI/TPMI parameters;
· Two separate TRP-specific TA offsets, each associated with a set of PUSCH configurations and all other UL transmissions QCLed/associated with it, and the TA offset is relative to the associated TRP-specific DL reference timing (e.g., the associated DL symbol starting time).

PDCCH enhancement
In 3GPP RAN1 Meeting #102-e, the following agreements concerning PDCCH enhancements were achieved:
Agreement
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
· Alt 3: Two SS sets associated with corresponding CORESETs
· 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. 
Agreement
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. Each repetition has the same number of CCEs and coded bits, and corresponds to the same DCI payload.
· Study both intra-slot repetition and inter-slot repetition
· Option 3 (multi-chance): Separate 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.
Agreement
[bookmark: _Hlk52547299]For mTRP PDCCH reliability enhancements, study the following multiplexing schemes
· 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
· Aspects and specification impacts related to intra-slot vs inter-slot to be discussed
· 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
· 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.
Agreement
For Alt 1 (one CORESET with two active TCI states), study the following 
· Alt 1-1: One PDCCH candidate (in a given SS set) is associated with both TCI states of the CORESET.
· Alt 1-2: Two sets of PDCCH candidates (in a given SS set) are associated with the two TCI states of the CORESET, respectively 
· Alt 1-3: Two sets of PDCCH candidates are associated with two corresponding SS sets, where both SS sets are associated with the CORESET and each SS set is associated with only one TCI state of the CORESET 
· Note 1: A set of PDCCH candidates contain a single or multiple PDCCH candidates, and a PDCCH candidate in a set corresponds to a repetition or chance
· Note 2: How one or more PDCCH candidates are counted for monitoring (for BD limit) is FFS 
· The note is applicable also to other alternatives 
 Agreement
For Alt 1-2/1-3/2/3, study the following
· Case 1: Two (or more) PDCCH candidates are explicitly linked together (UE knows the linking before decoding) 
· FFS: How the explicit linkage is derived/determined by the UE
· Case 2: Two (or more) PDCCH candidates are not explicitly linked together (UE does not know the linking before decoding) 
· FFS: How the UE knows the linkage after decoding 
The above agreements involve several alternatives/options/cases and lead to a significant number of combinations. Which combinations are valid for further need to be identified. After detailed analysis, the follow combined schemes are identified and summarized below:
· SFN schemes: Alt1-1, 1 CORESET, each PDCCH candidate in the CORESET may be for both TRP1 and TRP2 simultaneously, i.e., each PDCCH candidate in the CORESET may be associated with two TCI states at the same time.
· Non-SFN schemes: see below table.

Table 1 List of combined non-SFN schemes
	
	Option 1: No repetition: a PDCCH with two TCI states
	Option 2: Repetition: identical coded bits & #CCEs from 2 TRPs
	Option 3: Multi-chance: different coded bits 

	Alt1-1, 1 CORESET, each candidate for both TRP1 and TRP2 simultaneously
	1 CORESET, TRP1 and TRP2 jointly transmit 1 PDCCH on a PDCCH candidate. 
Seems to be SDM (deprioritize for evaluation and study due to complexity concerns)
	1 CORESET, TRP1 transmits PDCCH1 on a candidate, TRP2 transmits PDCCH2 (same bits) on the same candidate.
Seems to be SDM (deprioritize for evaluation and study due to complexity concerns)
	1 CORESET, TRP1 transmits PDCCH1 in on a candidate, TRP2 transmits PDCCH2 (different coded bits) on the same candidate.
Seems to be SDM (deprioritize for evaluation and study due to complexity concerns)

	Alt1-2, 1 CORESET, half candidates for TRP1, half for TRP2
	N/A
	1 CORESET, 1st half candidates for TRP1, 2nd half for TRP2, and PDCCH1 in 1st half, PDCCH2 (same bits) in 2nd half.
TDM/FDM
	1 CORESET, 1st half candidates for TRP1, 2nd half for TRP2, and PDCCH1 in 1st half, PDCCH2 (different coded bits) in 2nd half.
TDM/FDM

	Alt1-3, 1 CORESET and 2 SS sets, SS set 1 for TRP1, SS set 2 for TRP2 
	N/A
	1 CORESET and 2 SS sets, SS set 1 for TRP1, SS set 2 for TRP2, and PDCCH1 in SS set 1, PDCCH2 (same bits) in SS set 2.
TDM/FDM
	1 CORESET and 2 SS sets, SS set 1 for TRP1, SS set 2 for TRP2, and PDCCH1 in SS set 1, PDCCH2 (different coded bits) in SS set 2.
TDM/FDM

	Alt2, 2 CORESETs and 1 SS set, CORESET1 for TRP1, CORESET2 for TRP2
	N/A
	2 CORESETs and 1 SS set, CORESET1 for TRP1, CORESET2 for TRP2, and PDCCH1 in CORESET1, PDCCH2 (same bits) in CORESET2.
TDM/FDM
	2 CORESETs and 1 SS set, CORESET1 for TRP1, CORESET2 for TRP2, and PDCCH1 in CORESET1, PDCCH2 (different coded bits) in CORESET2.
TDM/FDM

	Alt3, 2 CORESETs and 2 SS set2, CORESET1 & SS set1 for TRP1, CORESET2 & SS set 2 for TRP2
	N/A
	2 CORESETs and 2 SS set2, CORESET1 & SS set1 for TRP1, CORESET2 & SS set 2 for TRP2, and PDCCH1 in CORESET1 & SS set1, PDCCH2 (same bits) in CORESET2 & SS set 2.
TDM/FDM
	2 CORESETs and 2 SS set2, CORESET1 & SS set1 for TRP1, CORESET2 & SS set 2 for TRP2, and PDCCH1 in CORESET1 & SS set1, PDCCH2 (different coded bits) in CORESET2 & SS set 2.
TDM/FDM



As we can see, some combinations are not meaningful (such as SDM with multiple layers) and can be removed or deprioritized, unless further clarifications/justifications are provided. Moreover, Alt1-2/1-3/2/3 are similar to each other in terms of how they operate, and they will lead to the same performance if they can be configured to use the same resources. This means that RAN1 may not need to simulate all these combinations due to their performance similarity. What fundamentally distinguishes them is their configuration complexity/flexibility. Therefore, to downselect from Alt1-2/1-3/2/3, the key is to analyze their configuration complexity/flexibility. 
An initial analysis of 1 CORESET versus 2 CORESETs is given below. Whether Alt1-2/1-3/2/3 can achieve the same configured resources depends on how CORESET can be configured. CORESET configuration is quite flexible in frequency domain by a bitmap (each bit for 6 RBs) while not so in time domain (contiguous 1 to 3 symbols). Therefore, Alt2/3 offers more flexibility on time domain resource. In addition, for the case of FR2, PDCCH candidates/SSs for different TRPs on the same symbol (such as FDM) may not be feasible. Though it may be possible to separate candidates/SSs within 1 CORESET to be on different symbols, it will be not possible for some cases (e.g. 1 symbol duration) and difficult for other cases (e.g., 3 symbol duration), and not compatible with the CCE to REG mapping which is time domain first then frequency domain. Therefore, Alt1-2/1-3 are less preferred than Alt2/3. The general observation is similar to those in PUCCH/PUSCH, i.e., it is more natural and flexible to configure two separate sets of parameters/procedures for the two TRPs. This general observation applies to SS sets in a similar way, and thus, Alt 1-2/2 are less preferred than Alt1-3/3.
Regarding Options 1, 2, and 3, it seems that Option 1 does not combine with Alt1-1/1-2/1-3/2/3. If Option 1 is meant to be a network-selection scheme, then an alternative of one PDCCH candidate is associated with either TCI state (but not both) should be provided, which does not seem to match agreed alternatives. This could be considered as Alt1-4: One PDCCH candidate (in a given SS set) is associated with either TCI state of the CORESET. Note that in a network-selection scheme, the network selects only one TRP to transmit a PDCCH, but which TRP is selected is not known a priori to UE; this is different from a UE-selection scheme, that is, both TRPs transmit PDCCH, but the UE may select only one transmission for the PDCCH decoding. For PDCCH repetition and multi-chance transmissions, the repetition option should be supported. The multi-chance option seems to be not very clear. When two DCIs result in the same outcome, their source bits should be the same, but it is unclear how they can end up with different coded bits if the same DCI format is used. It does not seem justified to provide a different DCI format or a different coding/interleaving/scrambling scheme just for the multi-chance option. Thus we suggest to clarify multi-chance before moving forward.
Therefore, at least Alt 3 with Option 2 should be supported.
Proposal 9: To enable a PDCCH transmission with two TCI states, support at least Alt 3 (Two SS sets associated with corresponding CORESETs) and Option 2 (repetition).

[bookmark: _Hlk54267048]As for TDM/FDM/SFN for PDCCH, FDM/SFN require two panels to receive PDCCH at the same time for FR2, which adds extra complexity to UE blind detection/blind decoding and is not desired. For FR1, TDM/FDM/SFN are feasible. Some evaluation results are provided in Appendix 2, which show that TDM/FDM/SFN can provide performance gains over single-TRP PDCCH scheme. In addition, if the signals from the TRPs arrive at the UE at different times, it is beneficial for the UE to adopt two FFT windows for best performance. Thus we have the following proposal:
Proposal 10: For mTRP PDCCH reliability enhancements, support:
1. At least TDM and/or FDM and/or SFN for FR1, and
0. FFS one FFT vs two FFT
1. TDM for FR2.
With respect to the linkage of the PDCCH candidates, we first point out that the linkage should be explicitly provided to the UE before decoding. Assume that the UE needs to combine (e.g., using chase combining) two PDCCH candidates to successfully decode the PDCCH, that is, either PDCCH candidate does not have sufficient SINR to be decoded alone. Without a known linkage, the UE has to try to combine any candidate from the first TRP with any candidate from the second TRP. If there are n candidates for either TRP, this leads to n2 combinations that the UE has to try, which is practically feasible only if n is small. However, limiting n to be a small number can degrade the performance. Hence, we suggest to consider explicit linkage only, and for the same reason, a PDCCH candidate should be explicitly linked to only a small number (say, 4) of the other PDCCH candidates. The explicit linkage should be configured or activated before the UE can attempt the decoding.
Proposal 11: For Alt 1-2/1-3/2/3, support Case 1: Two (or more) PDCCH candidates are explicitly linked together (UE knows the linking before decoding), and support a limited set of configured/activated links between the PDCCH candidates.

PRACH enhancement necessary to support M-TRP PUSCH/PUCCH
PRACH and TA enhancement is needed for robust/reliable/efficient transmissions of PUSCH/PUCCH. As argued above, depending on the cell size and synchronization accuracy between the TRPs, one TA may not be sufficient. Since the UE needs to transmit to multiple TRPs, UL TA needs to be acquired for each of the TRPs and then maintained by the UE. 
· Rel-15/16 design of one TA per carrier/serving cell may not be sufficient for Rel-17 inter-cell M-TRP uplink transmissions
Rel-15/16 TAGs are cell-based. In one carrier there is only one serving cell, and that cell is assigned with one TAG. With Rel-16 M-TRP design, for a TRP not co-located with a serving cell, Rel-16 does not have a separate TA for it and the UE applies the TA of the co-channel serving cell for this TRP. However, in Rel-17 inter-cell M-TRP, DL CP may not be sufficient to cover propagation delay differences, delay spread, and M-TRP sync inaccuracy, and similarly one can conclude that one TA for inter-cell M-TRP may not be sufficient. Using only one TA for all TRPs would negatively affects UL TA accuracy, PUCCH/PUSCH reliability/spectrum efficiency, sounding accuracy for UL/DL full MIMO CSI acquisition, and so on. Thus, it is suggested to support more than one TA in a carrier in Rel-17.
· Multiple PRACH configurations may be needed
To acquire TA from the inter-cell TRP, the UE needs to transmit PRACH according to the network configuration. It is not very clear whether the current standards already allow multiple PRACH configurations or not, but at least the UE behaviour to support multiple PRACH and multiple TAs in a carrier are not defined in the current standards. Hence, Rel-17 should provide clear standard specifications for supporting multiple PRACH/TA configurations. 
Proposal 12: For multi-TRP UL enhancement, support to acquire and maintain multiple TA values for multiple TRPs on the same carrier via PRACH enhancement and TA configuration enhancement.

[bookmark: _Ref129681832]Conclusion
In this contribution, we discussed non-PDSCH design with multi-TRP, focused on improving the reliability of the non-PDSCH channels. The following are proposed:
Proposal 1: For multi-TRP non-PDSCH enhancement, clarify the scenario and key assumptions on propagation delay difference, time/frequency synchronization, backhaul, and M-TRP signal delay spread.
Proposal 2: To enable TDMed PUCCH transmissions with different multiple spatial relation info, consider:
· Option 1: multiple separate PUCCH resources, each associated with one spatial relation info; or
· Option 2: one PUCCH resource with multiple spatial relation info. 
Option 1 should be supported.
Proposal 3: For M-TRP PUCCH power control, configure multiple separate sets of PUCCH power control parameters, each set associated with one TRP and including TRP-specific open-loop parameters, closed-loop parameters, and spatial relation info and/or pathloss RS.
Proposal 4: For M-TRP PUCCH repetition configuration/indication, reuse Rel-15 like framework and extend to all PUCCH formats.
Proposal 5: For M-TRP PUCCH repetition, support Alt1 for both inter-slot repetition and intra-slot repetition / intra-slot beam hopping.
Proposal 6: For M-TRP PUSCH enhancement, also support M-DCI based PUSCH transmission/repetition scheme(s) based on Rel-16 PUSCH repetition Type A and Type B.
Proposal 7: For M-TRP PUSCH enhancement, support TDMed PUSCH repetition scheme(s) and selection scheme(s) to reduce UE transmission power consumption for both M-DCI and S-DCI based schemes.
Proposal 8: For M-TRP PUSCH enhancement, support two separate sets of PUSCH configurations, including:
· Two separate set of power control parameters, each set associated with one TRP and including TRP-specific open-loop parameters, closed-loop parameters, and pathloss RS;
· Two separate sets of SRI/TPMI parameters;
· Two separate TRP-specific TA offsets, each associated with a set of PUSCH configurations and all other UL transmissions QCLed/associated with it, and the TA offset is relative to the associated TRP-specific DL reference timing (e.g., the associated DL symbol starting time).
Proposal 9: To enable a PDCCH transmission with two TCI states, support at least Alt 3 (Two SS sets associated with corresponding CORESETs) and Option 2 (repetition).
Proposal 10: For mTRP PDCCH reliability enhancements, support:
1. At least TDM and/or FDM and/or SFN for FR1, and
2. FFS one FFT vs two FFT
1. TDM for FR2.
Proposal 11: For Alt 1-2/1-3/2/3, support Case 1: Two (or more) PDCCH candidates are explicitly linked together (UE knows the linking before decoding), and support a limited set of configured/activated links between the PDCCH candidates.
Proposal 12: For multi-TRP UL enhancement, support to acquire and maintain multiple TA values for multiple TRPs on the same carrier via PRACH enhancement and TA configuration enhancement.


Appendix 1: TA analysis

Under M-TRP, say TRP1 and TRP2, the UE may have several options to determine its UL timing. First, the UE may use only one TA offset, i.e., the TA offset is based on TRP1 and will be applied to transmissions to both TRP1 and TRP2. An alternative to this is that the UE may adopt TRP-specific TA offsets. Second, the UE may need to determine a UL TA reference timing, i.e., a TA offset will be applied on top of a reference time such as the DL received time / DL symbol starting time or the like. The UL TA reference timing may be based on one of the TRPs or be TRP-specific. The four combinations are listed below and illustrated in Figure 1. 
· Option 1: Only 1 TA offset (based on TRP1), and only 1 UL TA reference timing (based on TRP1). See Figure 1 (a).
· Option 2: Only 1 TA offset (based on TRP1), and multiple UL TA reference timings (based on each TRP). See Figure 1 (b).
· Option 3: multiple TA offsets (based on each TRP), and 1 UL TA reference timing (based on TRP1). See Figure 1 (c).
· Option 4: multiple TA offsets (based on each TRP), and multiple UL TA reference timings (based on each TRP). See Figure 1 (d).

[image: ]
(a) TA offset and TA reference timing Option 1
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(b) TA offset and TA reference timing Option 2
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(c) TA offset and TA reference timing Option 3
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(d) TA offset and TA reference timing Option 4
Figure 1 Illustrations of different TA offset options under different TRP synchronization settings. T, T+2us, or T-2us is the TRP transmit timing, and t or t+2us is the propagation delay.

Under these options, and under different TRP synchronization settings, the TRP receive timing offset can be computed. Table 1 shows a few typical cases with some example values. Relative to TRP1’s transmit timing and TRP1’s propagation delay, there could be a few cases for TRP2’s transmit timing and propagation delay, which are listed in the columns of TRP2-A, TRP2-B, and TRP2-C. The key observation is that, for Options 1~3, there always exist some cases that a TRP will experience UL receive timing offset much longer (such as twice as long) than TRP timing synchronization difference or propagation delay difference. In other words, even if in DL, the M-TRP signals can be fit into one CP length, this will not be the case for UL in general. Therefore, UL TA needs to adopt Option 4.

Table 2 UL TA analysis for different TRP synchronization settings and different TA offset options
	
	TRP1
	TRP2-A
	TRP2-B
	TRP2-C

	TRP Tx timing (us)
	T
	T
	T+p
	T+p

	Propagation delay (us)
	t
	t+d
	t
	t+d

	UE Rx timing
	T+t
	T+t+d
	T+t+p
	T+t+d+p

	Option 1: Only 1 TA offset (based on TRP1), and only 1 UL TA reference timing (based on TRP1)

	TA offset (based on TRP1)
	s
	s
	s
	s

	UL TA reference timing (based on TRP1)
	T+t
	T+t
	T+t
	T+t

	UE Tx timing
	T+t-s
	T+t-s
	T+t-s
	T+t-s

	TRP Rx timing
	T+2t-s
	T+2t-s
	T+2t-s
	T+2t-s

	TRP Rx timing offset
	2t-s
	2t-s+d
	2t-s-p
	2t -s+d-p

	TRP Rx timing offset eg1: s=2t, d=2us, p=2us
	0
	2
	-2
	0

	TRP Rx timing offset eg2: s=2t, d=2us, p=-2us
	0
	2
	2
	4

	Option 2: Only 1 TA offset (based on TRP1), and multiple UL TA reference timings (based on each TRP)

	TA offset (based on TRP1)
	s
	s
	s
	s

	UL TA reference timing (based on each TRP)
	T+t
	T+t+d
	T+t+p
	T+t+d+p

	UE Tx timing
	T+t-s
	T+t+d-s
	T+t+p-s
	T+t+d+p-s

	TRP Rx timing
	T+2t-s
	T+2t+2d-s
	T+2t+p-s
	T+2t+2d+p-s

	TRP Rx timing offset
	2t-s
	2t-s+2d
	2t-s
	2t -s+2d

	TRP Rx timing offset eg1: s=2t, d=2us, p=2us
	0
	4
	0
	4

	TRP Rx timing offset eg2: s=2t, d=2us, p=-2us
	0
	4
	0
	4

	Option 3: multiple TA offsets (based on each TRP), and 1 UL TA reference timing (based on TRP1)

	TA offset (based on each TRP)
	2t
	2t+2d
	2t
	2t+2d

	UL TA reference timing (based on each TRP)
	T+t
	T+t
	T+t
	T+t

	UE Tx timing
	T-t
	T-t-2d
	T-t
	T-t-2d

	TRP Rx timing
	T
	T-d
	T
	T-d

	TRP Rx timing offset
	0
	-d
	-p
	-d-p

	TRP Rx timing offset eg1: d=2us, p=2us
	0
	-2
	-2
	-4

	TRP Rx timing offset eg2: d=2us, p=-2us
	0
	-2
	2
	0

	Option 4: multiple TA offsets (based on each TRP), and multiple UL TA reference timings (based on each TRP)

	TA offset (based on each TRP)
	2t
	2t+2d
	2t
	2t+2d

	UL TA reference timing (based on each TRP)
	T+t
	T+t+d
	T+t+p
	T+t+d+p

	UE Tx timing
	T-t
	T-t-d
	T-t+p
	T-t-d+p

	TRP Rx timing
	T
	T
	T+p
	T+p

	TRP Rx timing offset
	0
	0
	0
	0




Appendix 2: PDCCH evaluation results
A number of PDCCH schemes with various assumptions have been evaluated based on RAN1 agreed EVM. The factors/aspects include:
· A: M-TRP signal arrival time differences
· A1: 0 us
· A2: 0.5 us
· A3: 1 us
· A4: 2 us
· B: blockage probability
· B1: 0%
· B2: 5%
· B3: 10%
· C: M-TRP pathloss difference
· C1: 0 dB
· C2: 3 dB
· C3: 6 dB
· D: PDCCH schemes
· D1: single TRP
· D2: M-TRP selection diversity
· D3: M-TRP soft combining
· D4: M-TRP SFN
· E: number of FFT window(s)
· E1: 1
· E2: 2
Apparently, not all combinations of the factors/aspects are needed. For example, if the pathloss difference is small, then likely the signal arrival time difference is also small. The following are evaluated:
· A1 × B1× C1/2/3 × D1/2/3/4 × E1 (Figure 2)
· A1 × B2× C1/2/3 × D1/2/3/4 × E1 (Figure 3)
· A1 × B3× C1/2/3 × D1/2/3/4 × E1 (Figure 4)
· A2 × B1 × C1 × D1/2/3/4 × E1, A3 × B1 × C2 × D1/2/3/4 × E1, A4 × B1 × C3 × D1/2/3/4 × E1 (Figure 5)
· A2 × B1 × C1 × D1/2/3/4 × E2, A3 × B1 × C2 × D1/2/3/4 × E2, A4 × B1 × C3 × D1/2/3/4 × E2 (Figure 6)
[image: ]
Figure 2 Performance of PDCCH schemes with 0 us M-TRP signal arrival time difference, 0% blockage, and 1 FFT
[bookmark: _GoBack][image: ]
Figure 3 Performance of PDCCH schemes with 0 us M-TRP signal arrival time difference, 5% blockage, and 1 FFT
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Figure 4 Performance of PDCCH schemes with 0 us M-TRP signal arrival time difference, 10% blockage, and 1 FFT

[image: ] 
Figure 5 Performance of PDCCH schemes with 0.5/1/2 us M-TRP signal arrival time differences, 0% blockage, and 1 FFT

[image: ]
Figure 6 Performance of PDCCH schemes with 0.5/1/2 us M-TRP signal arrival time differences, 0% blockage, and 2 FFT
We have the following key observations:
· M-TRP PDCCH schemes, including SFN, TDM/FDM with selection diversity or soft combining outperform single-TRP PDCCH scheme, especially with blockage. They should be further considered for potential standardization.
· The M-TRP gains increase as the absolute pathloss differences decrease and as the signal arrival time differences decrease.
· For TDM/FDM with selection diversity or soft combining, two FFT windows outperform one FFT window if the M-TRP signal arrival times are different. Two FFT should be further considered for potential standardization.
To summarize, TDM/FDM/SFN can provide performance gains over single-TRP PDCCH scheme. In addition, if the signals from the TRPs arrive at the UE at different times, it is beneficial for the UE to adopt two FFT windows for best performance.
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