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Introduction
According to NR MIMO WID RP-193133, the following is the scope of work in this AI.
	· 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 this contribution we provide our views on the features that should be considered to improve reliability for PDCCH, PUSCH and PUCCH channels using multi-TRP/multi-panel framework.
PDCCH
Framework for PDCCH repetition

	Working Assumption
For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, support Alt3 (two SS sets associated with corresponding CORESETs).



In RAN1#103-e, it was agreed that for PUCCH repetition, Option 2 (repetition) + Case 1 (explicit linkage) is used along with the working assumption that Alt 3 (two SS sets associated with corresponding CORESETs) is supported. In this framework, the same DCI could be repeated in 2 PDCCH transmissions where a first transmission corresponds to a PDCCH candidate in SS set-1 associated with CORESET-1 and a second transmission corresponds to a PDCCH candidate in SS set-2 associated with CORESET-2. This is a reasonable framework for supporting multi-TRP repetition. In terms of restrictions, the linked SS sets SS set-1 and SS set-2 should be configured with the same SS type and at least one common DCI format.
Proposal-1: Confirm the working assumption of using Alt 3 for supporting Option 2 + Case 1. The linked SS sets SS set-1 and SS set-2 should be configured with the same SS type and at least on common DCI format for monitoring. 

Linkage between two PDCCH transmissions

	Agreement
For PDCCH reliability enhancements with non-SFN schemes, support at least Option 2 + Case 1.
· Maximum number of linked PDCCH candidates is two
· FFS: Details including how the two PDCCH candidates are counted toward the BD limits and impact on overbooking, if any
· Down-select at least one Alt from Alts 1-2 / 1-3 / 2 / 3
· FFS: Linking options such as a fixed rule based on the same PDCCH candidate index, based on start CCE, based on configuration, etc. 
· FFS: additional restriction to facilitate soft combining 
· FFS: implicit PUCCH resource determination for >8 PUCCH resources in the resource set, scheduling offset for “timeDurationForQCL”, Out-of-order / in-order definition for PDCCH-to-PDSCH and PDCCH-to-PUSCH, DAI for Type-2 codebook, Slot offset  for scheduling the same PDSCH/PUSCH/CSI-RS/SRS, rate matching PDSCH around the scheduling DCI.
· FFS: whether and how to support for DCI format 2_x



For each AL, candidate k of SS set-1 can be associated or “linked” to candidate k of SS set-2. As an example, we consider SS set-1 configured with number of candidates {1, 4, 2, 2, 0} and SS set-2 configured with number of candidates {0, 2, 2, 1, 1} corresponding to AL1, AL2, AL4, AL8 and AL16 respectively. Using such a fixed rule, linkage is achieved for all possible candidate pairs between SS set-1 and SS set-2. In this example {0, 2, 2, 1, 0} candidates are linked for AL1, AL2, AL4, AL8 and AL16 respectively. In other words {1, 2, 0, 1, 1} candidates associated with AL1, AL2, AL4, AL8 and AL16 are not linked because one of the two pairing candidates is not present in either SS set-1 or SS set-2. 

There is, however, incentive at keeping the number of linked candidate pairs (for soft-combining) to a minimum due to BD limits. Also, it is natural to expect that PDCCH repetition is not expected with very low ALs. A more granular control of linked candidates can be achieved by further restricting the number of linked candidates for each AL. 
Proposal-2: A baseline scheme for linkage is a fixed rule stating candidate k of SS set-1 is “linked” to candidate k of SS set-2 which creates all possible candidate-pairs. Consider further limiting the number of linked candidates for soft-combining for each AL using additional gNB → UE signalling. 
Resolving ambiguity due to PDCCH repetitions

	Agreement
When DL DCI is transmitted via PDCCH repetition (Option2 + Case 1), for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight: 
· Alt 1: Ensure same start CCE index (based on linking options) and the same number of CCEs in the two CORESETs (based on CORESET configuration restriction)
· Alt 2: Starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied
· FFS:  Which one of the linked PDCCH candidates is used.
· Alt 3: It is up to the UE to determine the PUCCH resource based on the starting CCE index and number of CCEs in the CORESET of any of the two linked PDCCH candidates
· Other alternatives are not precluded.



Several aspects has been raised in RAN1#103-e where a mechanism is desired to select one from the two linked PDCCH candidates (defined as a reference PDCCH) for the purposes of resolving ambiguity in UE behaviour. Defining such a reference PDCCH can provide common understanding between the gNB and the UE.
scheduling offset for “timeDurationForQCL”, 
Out-of-order / in-order definition for PDCCH-to-PDSCH and PDCCH-to-PUSCH
Slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS
implicit PUCCH resource determination for >8 PUCCH resources in the resource set
In the above use-cases, we can define a reference PDCCH as the one that ends later if they end in different symbols and if they end in the same symbol, the PDCCH that is associated with the lower SS set index. 
DAI for Type-2 codebook
In the above use-case, we can define a reference PDCCH as the one that ends earlier if they end in different symbols and if they end in the same symbol, the PDCCH that is associated with the lower SS set index.

Proposal-3: In the use cases of scheduling offset for “timeDurationForQCL”, Out-of-order / in-order definition for PDCCH-to-PDSCH and PDCCH-to-PUSCH, Slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS, implicit PUCCH resource determination for >8 PUCCH resources in the resource set define a reference PDCCH as the one that ends later if they end in different symbols and if they end in the same symbol, the PDCCH that is associated with the lower SS set index (Alt-2). In the use case of DAI for Type-2 codebook define a reference PDCCH as the one that ends earlier if they end in different symbols and if they end in the same symbol, the PDCCH that is associated with the lower SS set index.

BD and overbooking

	Agreement (RAN1#103-e)
For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, CCEs of the two PDCCH candidates are counted separately following Rel. 15/16 procedures. Further study the BD limit by considering the following
· With respect to the complexity associated with RE de-mapping / demodulation, 2 units are required
· With respect to the complexity associated with decoding, the following assumptions can be further discussed:
· Assumption 1: UE only decodes the combined candidate without decoding individual PDCCH candidates
· Assumption 2: UE decodes individual PDCCH candidates
· Assumption 3: UE decodes the first PDCCH candidate and the combined candidate
· Assumption 4: UE decodes each PDCCH candidate individually, and also decodes the combined candidate
· Note 1: The Assumptions 1-4 are for discussion purpose only, and they may or may not have specification impact.
· FFS: The relationship between UE capability, RRC configuration, and the BD limit, and whether the Assumptions 1-4 are relevant for this purpose.
· Note 2: the BD /CCE limit here is counted based on the configuration of PDCCH monitoring capability (e.g. per slot or per span).



We can observe from the above Figure 13- Figure 18 that simple selection diversity receiver can achieve performance within a dB of more complex soft-combining receiver especially in the presence of blockage. Therefore selection diversity reception should be supported (in addition to soft-combining reception).
Observation-4: selection diversity reception should be supported in addition to soft-combining reception 

The network should be able to dynamically decide on transmitting PDCCH from a single TRP (TRP-1 or TRP-2) or from both TRPs. This flexibility is necessary to improve PDCCH blocking. This flexibility, however, comes at an increased cost of BD. The results in Figure 19, Figure 20 quantify the improvement in PDCCH blocking due to this flexibility (resulting in a better CCE utilization as well). Assumption 1 in RAN1#103-e is not able to support this behavior. 

Observation-5: the network should be able to dynamically decide on transmitting PDCCH from a single TRP (TRP-1 or TRP-2) or from both TRPs  

Proposal-6: Do not support Assumption 1 for BD. Assumptions 2, 3 and 4 can be supported with BD=2, 2 and 3 respectively.

PDCCH overbooking discussions corresponding to assumptions 2, 3 and 4 are as follows: 
· Assumption 2: UE decodes individual PDCCH candidates and BD=2 can be assumed – in this case linkage is used for resolving ambiguity of PDCCH reception but irrelevant for BD counting.  BD from SS set-1 candidates is added to BD from SS set-2 candidates (irrespective of the number of linked candidate pairs) in order to determine total BD due to SS set-1 and SS set-2. PDCCH overbooking (according to current specification) can be applied at SS set level granularity and the SS set with higher SS set index is dropped if BD/CCE limits are not satisfied.

· Assumption 3: UE decodes the first PDCCH candidate from SS set-1 and the combined candidate from SS set-1 and SS set-2 and BD=2 can be assumed – in this case BD from SS set-1 candidates is added to the BD due to linked candidate pairs to determine total BD due to SS set-1 and SS set-2. PDCCH overbooking (according to current specification) can be applied at SS set level granularity with the condition that if SS set-1 is dropped then automatically SS set-2 is also dropped.

· Assumption 4: UE decodes each PDCCH candidate individually, and also decodes the combined candidate, BD=3 can be assumed - in this case BD from SS set-1 candidates is added to BD from SS set-2 candidates and the BD due to linked candidate pairs to determine total BD due to SS set-1 and SS set-2. PDCCH overbooking (according to current specification) can be applied at SS set granularity with the condition that if either SS set-1 or SS set-2 is dropped then automatically the soft-combining (linked) candidates are also dropped.
As discussed above, PDCCH overbooking rules according to current specification at SS set level granularity can be applied to assumption 2 and extended to assumptions 3 and 4 with additional condition of SS set dropping due to linkage. However, it is clear that due to linkage the number of candidates dropped due to dropping a SS set is now increased. Therefore we think it is beneficial to study PDCCH candidate level dropping.

Proposal-7:  Overbooking rules (based on current specification) at SS set level granularity can be applied to assumption 2 and extended to assumptions 3 and 4 with additional condition of SS set dropping due to linkage and can be a baseline. Further study candidate level dropping rules in order to obtain a finer granularity of dropping (particularly for span-based monitoring where the BD limits are smaller) 
[bookmark: _Ref54300972]Intra-slot and inter-slot repetition

In general, given per-slot BD/CCE limit at the UE and limited CCE resources at the gNB, PDCCH repetitions adversely affect blocking probability as shown in Figure 21. This is intuitive because mTRP PDCCH repetitions require additional resources (and provides additional reliability). Note that we are not comparing sTRP vs mTRP here. 
If PDCCH repetitions in limited to intra-slot only, then a UE is blocked if any of the TRPs experiences PDCCH blocking. If both intra-slot and inter-slot repetition is allowed, then a gNB can transmit rep-1 (TRP-1) in slot-1 and rep-2 (TRP-2) in slot-2 (or vice-versa) which is not possible in intra-slot only repetition. This helps to reduce PDCCH blocking but of course comes a cost of increased scheduling latency (which may be acceptable in FR2 due to small slot-duration). The reduction of PDCCH blocking enabled by inter-slot repetition is shown in Figure 22. Note that inter-slot PDCCH scheduling does not require additional BD/CCE at the UE.

Proposal-8: Support inter-slot mTRP PDCCH repetition that allows joint scheduling of PDCCH across multiple slots at the gNB to reduce blocking probability.

Multiplexing of mTRP PDCCH transmission

In general, we do not expect any restriction on time frequency overlap of SS sets or CORESETs participating in PDCCH repetitions (SS set-1, SS set-2, CORESET-1 or CORESET-2) with the condition that soft-combining of a PDCCH candidate—pair is not expected when the corresponding CCEs are overlapped.

Proposal-9: No additional restrictions are necessary regarding time frequency overlap of SS sets or CORESETs participating in PDCCH repetitions with the condition that soft-combining of a PDCCH candidate—pair is not expected when the corresponding CCEs are overlapped
RRC configuration for PDCCH repetition

A UE can be configured with SS set indices corresponding to SS set-1 and SS set-2 to allow PDCCH monitoring for repetitions coming from the two search spaces. Additionally, for each SS set a monitoring symbol can be indicated. A UE may expect PDCCH repetition transmission in any slot where PDCCH monitoring occurs for both SS set-1 and SS set-2 based on the configured monitoring slot periodicity, offset and duration within the respective SS sets. In such a slot, a UE may expect PDCCH repetition transmission to occur corresponding to the indicated PDCCH monitoring symbols associated with SS set-1 and SS set-2 respectively. Alternatively, in order to provide a finer control of slots where PDCCH repetition is expected, a monitoring slot periodicity, offset and duration may be separately configured. In this case, a UE may expect PDCCH repetition transmission to occur only within each slot given by such configuration.

Proposal-10: Consider gNB → UE signalling of slots and monitoring occasions where a UE may expect PDCCH repetition transmission
PUSCH

Dynamic switching between s-TRP/m-TRP repetitions

Similar to downlink operation, we think it is beneficial to allow dynamic switching between 1-TRP and 2-TRP PUSCH repetition to allow for full flexibility at the NW side. Based on the agreement in RAN1#103-e, it can be envisioned that 2 SRS resource sets associated with TRP-1 and TRP-2 can be used to enable multi-TRP PUSCH repetitions. Thus dynamic switching of SRS resource sets can be used to support mTRP/sTRP switching. The indicated SRI can be interpreted based on the indicated SRS resource set or sets. Further, it is beneficial to have the same framework for dynamic switching for both CB based and NCB based PUSCH.

Proposal-11: In order to support dynamic switching of mTRP/sTRP repetitions, enable dynamic switching of SRS resource sets for CB/NCB based PUSCH repetitions. The DCI indicated SRI(s) can be conditioned on the indicated SRS resource set(s).

The SRI field can be re-interpreted as a value pair (TRP-1, TRP-2) to support dynamic switching of sTRP/mTRP operation.

Proposal-12: Re-interpret SRI field as a value pair (TRP-1, TRP-2) based on RRC/DCI to support dynamic switching of sTRP/mTRP operation.

TRP specific information for single DCI PUSCH

	Agreement
For single DCI based M-TRP PUSCH repetition schemes, support codebook based PUSCH transmission with following enhancements. 
· Support the indication of two SRIs. 
· Alt1: Bit field of SRI shall be enhanced. 
· Alt2: No changes on SRI field 
· Support the indication of two TPMIs. 
· The same number of layers are applied for both TPMIs if two TPMIs are indicated
· The number of SRS ports between two TRPs should be same.
· FFS: Details on indicating two TPMIs (e.g, one TPMI field or two TPMI fields)
· Increase the maximum number of SRS resource sets to two
· FFS: configuration details of each SRS resource set (e.g., number of SRS resources in a resource set)



	Agreement
For single DCI based M-TRP PUSCH repetition schemes, support non-codebook based PUSCH transmission with following considerations. 
· Increase the maximum number of SRS resource sets to two, and associated CSI-RS resource can be configured per SRS resource set. 
· FFS: Enhancements on SRI field in DCI to indicate the two beams for repetitions 



	Agreement
For PUSCH multi-TRP enhancements, 
· For per TRP closed-loop power control for PUSCH, further study the following alternatives when the “closedLoopIndex” values are different.  
· Option.1: A single TPC field is used in DCI formats 0_1 / 0_2, and the TPC value applied for both PUSCH beams
· Option.2: A single TPC field is used in DCI formats 0_1 / 0_2, and the TPC value applied for one of two PUSCH beams at a slot. 
· Option 3: A second TPC field is added in DCI formats 0_1 / 0_2.
· Option 4: A single TPC field is used in DCI formats 0_1 / 0_2, and indicates two TPC values applied to two PUSCH beams, respectively.
· FFS: Transition period for beam / power / frequency change.



In RAN1#103-e, several TRP specific items were considered including TPC and PTRS-DMRS association. In addition to these, other parameters that can be considered include beta offset indicator, OLPC parameter selection and DMRS sequence init. It is preferable to use a common framework to address such aspects.
As part of basic gNB operation (conserving DCI size), we believe that a single value can be used for both TRPs (except SRI) – this can be a baseline mechanism. As part of advanced gNB operation (larger DCI size), TRP specific values can be used and the DCI field can be re-interpreted as a value-pair based on RRC configuration. 

Proposal-13: Use a common framework to convey TRP specific information like TPC, PTRS-DMRS, beta offset indicator, OLPC parameter selection and DMRS sequence init. Enable a basic mechanism where a single value is applied for both TRPs. Enable an advanced mechanism where the DCI field is re-interpreted as a value-pair (TRP-1, TRP-2) based on RRC/DCI.

It is agreed that the number of layers for the 2 TRPs is equal while 2 different TPMIs are supported. Currently TPMI and layer information is jointly coded and indicated using the precoder information and layer information (PINL) field. A straightforward mechanism is to double the bit-field for 2 TRP support but this is not efficient because it contains redundant layer information. Moreover it is well known that for cases where the number of coherent antenna ports is equal to the number of layers, multiple TPMI choices provides little performance gain.
Proposal-14: Consider extending precoder information and layer information (PINL) tables including entries indicating a layer and TPMI-pair information.    
 
Intra-slot beam hopping for PUSCH Type A

In order to evaluate the benefits of intra-slot beam hopping we consider the following configuration for evaluation. 
· Inter-slot case (2 slots Tx duration): PUSCH repetitions cross the slot boundary and in this case spans 2 slots as shown in Figure 1. In this case both inter-slot repetition and intra-slot beam hopping has the same code-rate. 
Note that two reception mechanisms are considered for repetitions – selection diversity and soft-combining. However, intra-slot beam hopping is always coupled with soft-combining reception.
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[bookmark: _Ref54301666]Figure 1: Inter-slot case - PUSCH repetition spans 2 slot duration
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Figure 2: R=0.15, inter-slot case (2 slots) + blockage
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Figure 3: R=0.3, inter-slot case (1 slot) + blockage
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Figure 4: R=0.15, inter-slot case (2 slots) + no blockage



From simulation results above, our observation is that considering 2-slot repetition case, inter-slot repetition performs better than intra-slot beam hopping due to additional frequency diversity given that cyclical beam mapping is used for beam hopping. Further inter-slot repetition can be coupled with selection diversity receiver which is much simpler to implement at the network side. Therefore we have the following proposal:
Proposal-15: Support inter-slot repetition for PUSCH Type A
Beam mapping for PUSCH repetitions

	Working Assumption RAN1#103-e
For single DCI based M-TRP PUSCH repetition Type A and B, it is possible to configure either cyclic mapping or sequential mapping of UL beams.
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2.
· FFS: Support of half-half mapping. 
· FFS: Additional considerations on mapping patterns (including required beam switching gaps) 
· Companies are encouraged to provide further simulation results to decide details



PUSCH repetition Type A
If intra-slot beam hopping is not supported, then cyclical mapping pattern can achieve most of the gains. This allows equal mapping of repetitions to the two TRPs and maximizes TRP diversity for early decoding at the gNB. If intra-slot frequency hopping is enabled then both frequency diversity and TRP diversity is achieved (Error! Reference source not found.). In this case antenna switching gaps may occur at slot or sub-slot boundary. 
PUSCH repetition Type B
In the case of PUSCH Type B, inter-repetition frequency hopping (based on nominal repetitions) can be enabled. Note, however, that obtaining FH gains depends on the beam mapping as shown below – in Figure 5 sequential mapping is shown to exploit both FH gains and TRP diversity but cyclical mapping (Figure 6) cannot fully exploit FH gains. However, cyclical mapping makes sense for 2 repetitions.

	[image: ]
[bookmark: _Ref54305926]Figure 5: PUSCH Type B + FH + sequential mapping
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[bookmark: _Ref54305956]Figure 6: PUSCH Type B + FH + cyclical mapping



Proposal-16: Confirm the working assumption to support both cyclical and sequential mapping of UL beams for PUSCH repetition Type A and Type B.

Multi-DCI PUSCH

	Agreement
For M-TRP PUSCH reliability enhancement, further discuss multi-DCI based PUSCH transmission/repetition scheme(s) considering the following aspects.  
· The same TB is repeated towards multiple TRPs with different beams, where one or more PUSCH repetitions are scheduled by one DCI and another one or more PUSCH repetitions are scheduled by another DCI. 
· FFS: Details related to timeline restrictions and beam mapping  
· Changes on Rel-15/16 MCS, TBS determination, and UL resource allocation are not expected from this scheme.
· The scheme is considered to be supported only if there are gains over single DCI based PUSCH repetition schemes and a similar scheme is not supported by m-TRP PDCCH (e.g. Option 3). 
Companies are encouraged to provide simulation results to decide the support of the scheme in next RAN1 meetings
The support of multi-DCI based PUSCH transmission/repetition scheme(s) in Rel-17 will be decided in RAN1#104-e



As a reference we consider single DCI multi-TRP PUSCH repetition scheme together with PDCCH repetition and compare multi-DCI multi-TRP PUSCH scheme against this reference.

UE processing pipeline:
	[image: ]
[bookmark: _Ref61788951]Figure 7: single UE processing flow for a given HARQ PID achieved with PDCCH repetition and single-DCI
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[bookmark: _Ref61788955]Figure 8: Effectively 2 processing flows per HARQ PID (one for each TRP) for multi-DCI PUSCH



Figure 7 shows a high-level view of how a single processing flow can be achieved for a given HARQ PID in the reference scheme– of course within a single processing flow pipelining and parallelism can be used for code-block level processing. This is achieved due to the scheduling restriction that a UE cannot be scheduled a re-transmission until after the end of the current transmission.
In Figure 8, we provide a high-level view of how a processing flow would potentially look like with multi-DCI PUSCH repetition scheme if there were no restrictions on scheduling re-transmission to a UE. It can lead to effectively multiple processing flows associated with a single HARD PID.

TBS determination
In order to achieve soft-combining gains a common TB size is required for multi-DCI PUSCH repetition. Due to the high granularity of TB sizes it is difficult for the gNB to ensure exactly the same TB size without any linkage between the DCIs from TRP-1 and TRP-2. However, if a linkage is introduced, for example one of them is chosen as the primary DCI for TBS determination, then the UE cannot perform PUSCH transmission if the primary DCI is not decoded (e.g. blocked). This problem is avoided in single DCI PDCCH repetition where a UE can successfully perform multi-TRP PUSCH transmission if any of the DCIs is correctly decoded.

PDCCH reliability
PDCCH repetition from TRP-1 and TRP-2 and subsequent soft-combining is more reliable (or more resource efficient) than being able to successfully receive 2 different DCIs from TRP-1 and TRP-2 respectively.

Proposal-17: Specifications for multi-DCI multi-TRP PUSCH transmission is not well motivated considering UE processing flow impact, specification impact to resolve TBS determination issue, and PDCCH overhead/reliability issues
PUCCH
Dynamic switching between s-TRP/m-TRP repetitions

	Agreement
For multi-TRP TDM-ed PUCCH transmission schemes, 
· Support the use of a single PUCCH resource 
· Up to two spatial relation info’s can be activated per PUCCH resource via MAC CE
· FFS: Required enhancements for FR1
FFS: Use of multiple PUCCH resources.  



It is beneficial to support dynamic switching between s-TRP and m-TRP PUCCH repetitions. 
A single PUCCH resource can be configured with one or two spatial-relation-info by MAC-CE and PUCCH resource indicator (PRI) can be used to naturally provide the feature of dynamic switching.
The concept of PUCCH groups introduced in Rel-16 can be extended. An additional PUCCH group can be introduced that includes all and only PUCCH resources that are associated with 2 ordered spatial-relation info. Current MAC-CE structure can remain same (it is anyway variable length), with the added interpretation that the same PUCCH group can be associated with multiple ordered spatial-relation-info.
Proposal-18: Support dynamic switching between s-TRP/m-TRP PUCCH repetitions by associating a PUCCH resource with one or two (ordered) spatial-relation-info and PRI bit-field indicating a PUCCH resource. Introduce additional PUCCH groups that includes all and only PUCCH resources that are associated with 2 ordered spatial-relation info.

TPC information

	Agreement RAN1#103-e
For PUCCH multi-TRP enhancements in FR2, 
· Support separate power control parameters for different TRP via associating power control parameters via PUCCH spatial relation info. 
· Note: No spec impact.
· For per TRP closed-loop power control for PUCCH, further study the following alternatives considering TPC command when the “closedLoopIndex” values associated with the two PUCCH spatial relation info’s are not the same.  
· Option.1: A single TPC field is used in DCI formats 1_1 / 1_2, and the TPC value applied for both PUCCH beams
· Option.2: A single TPC field is used in DCI formats 1_1 / 1_2, and the TPC value applied for one of two PUCCH beams at a slot. The TPC value may be applied for the other PUCCH beam at an another slot.
· Option 3: A second TPC field is added in DCI formats 1_1 / 1_2.
· Option 4: A single TPC field is used in DCI formats 1_1 / 1_2, and indicates two TPC values applied to two PUCCH beams, respectively.
· FFS: Transition period for beam / power / frequency change. 
· FFS: Required power control enhancements for FR1



In order to support basic network implementation it is beneficial to support option 1. In order to support optimised network implementation, it is beneficial to support option 3. In terms of deciding on DCI field size for option 3 (whether 2 + 2 bits or 1+1 bit) it is preferred to align with the same issue raised in PUSCH. 
· 2 (TRP-1) + 2 (TRP-2) = 4 bits expands the DCI field size and a RRC configuration can be used for such reinterpretation of the TPC field. 
· 1 (TRP-1) + 1 (TRP-2) = 2 bits depends on both RRC configuration and DCI indication (if s-TRP repetition is indicated 2 bits are used for the same TRP)  
Proposal-19: Support option 1 and option 3. For option 3, whether to use 2 (TRP-1) + 2 (TRP-2) = 4 bits or 1 (TRP-1) + 1 (TRP-2) = 2 bits field-size can be aligned with the same issue in PUSCH. 
Intra-slot beam hopping for PUCCH

	Agreement
For multi-TRP PUCCH transmission schemes.  
· Support multi-TRP inter-slot repetition (Scheme 1)
· One PUCCH resource carries UCI, another PUCCH resource or the same PUCCH resource in another one or more slots carries a repetition of the UCI. 
· FFS: Number of repetitions
· Further study the support (one or both) of the following schemes
· Multi-TRP intra-slot beam hopping (Scheme 2)
· UCI is transmitted in one PUCCH resource in which different sets of symbols within the PUCCH resource have different beams.
· FFS: More than 2 beam hopping instances per PUCCH resource.
· Multi-TRP intra-slot repetition (Scheme 3)
· One PUCCH resource carries UCI, another PUCCH resource or the same PUCCH resource in another one or more sub-slots within a slot carries a repetition of the UCI. 
· Note1: whether to support two PUCCH resources or the same PUCCH resource with different beams for Scheme 1 and 3 to be discussed separately. 



In order to evaluate the benefits of intra-slot beam hopping we consider two configurations for evaluation. Note that two reception mechanisms are considered for repetitions – selection diversity and soft-combining. However, intra-slot beam hopping is always coupled with soft-combining reception.
· Intra-slot case (1 slot): PUCCH (format 3) repetitions are contained within a slot shown in Figure 9. In this case intra-slot repetition has 2x code-rate compared to that of intra-slot beam hopping. 
· Inter-slot case (2 slots): PUCCH (format 3) repetitions cross the slot boundary and in this case spans 2 slots as shown in Figure 10. In this case both inter-slot repetition and intra-slot beam hopping has the same code-rate. 
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[bookmark: _Ref54306019]Figure 9: Intra-slot case (1 slot)
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[bookmark: _Ref54306033]Figure 10: Inter-slot case (2 slots)
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Figure 11: Intra-slot case (1 slot) + blockage
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Figure 12: Inter-slot case (2 slots) + blockage



From simulation results above, our observation is that in the 1 slot case, all the multi-TRP schemes perform similarly. However, in the 2-slot case, inter-slot repetition performs better than intra-slot beam hopping due to additional frequency diversity given that cyclical beam mapping is used. We further observe that with PUCCH repetition, selection diversity reception at the gNB provides close performance compared with soft-combining reception but without the need to transport soft information across TRPs. Therefore we have the following proposal:
Proposal-20: Support inter-slot repetition (Scheme 1) and intra-slot repetition (Scheme 2) for PUCCH to allow both soft-combining reception and much simpler selection diversity reception at the gNB
Beam mapping for PUCCH repetitions
	Working Assumption RAN1#103-e
For PUCCH multi-TRP enhancements in Scheme 1, it is possible to configure either cyclic mapping or sequential mapping of spatial relation info’s over PUCCH repetitions. 
· FFS: Applicability of mapping patterns for different beam switching gaps
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2. 
· Note: For Scheme 1, cyclical mapping pattern and sequential mapping pattern are as follows, 
· Cyclical mapping pattern: the first and second beam are applied to the first and second PUCCH repetition, respectively, and the same beam mapping pattern continues to the remaining PUCCH repetitions. 
· Sequential mapping pattern: the first beam is applied to the first and second PUCCH repetitions, and the second beam is applied to the third and fourth PUCCH repetitions, and the same beam mapping pattern continues to the remaining PUCCH repetitions.



If intra-slot beam hopping is not considered we can simply use cyclical mapping of spatial-relation-info to repetitions. The spatial-relation-info of the first repetition can be identified by the ordering of the spatial-relation-info associated with that PUCCH resource. Cyclical mapping allows equal mapping of repetitions to 2 TRPs and maximizes diversity for early decoding at the gNB. In certain configurations, the number of beam switches (and consequently antenna switching gaps) can be reduced in sequential and minimized in half-half mappings but it comes at a cost of early termination latency.
Proposal-21: Confirm the working assumption to support both cyclical and sequential mapping of UL beams for PUCCH repetitions.
PUCCH formats 0, 2

	Agreement
For multi-TRP PUCCH transmission schemes,
· For Scheme 1, at least PUCCH format 1/3/4 can be used. 
· FFS: Support of PUCCH format 0/2 for Scheme 1 
· FFS: Support of PUCCH formats for Scheme 2 and/or Scheme 3 (if schemes are agreed).  



It is beneficial to support multi-TRP repetition also for PUCCH formats 0, 2. Note that the reliability issue (due to blockage etc.) is different from PUCCH coverage issue where short PUCCH formats are not typically used.
Proposal-22: Support multi-TRP repetition for short PUCCH formats 0, 2  (scheme 1 and scheme 2) in order to achieve reliability with low latency (1-2 symbol length per repetition)

Conclusions

	PDCCH
	Proposal-1: Confirm the working assumption of using Alt 3 for supporting Option 2 + Case 1. The linked SS sets SS set-1 and SS set-2 should be configured with the same SS type and at least on common DCI format for monitoring. 
Proposal-2: A baseline scheme for linkage is a fixed rule stating candidate k of SS set-1 is “linked” to candidate k of SS set-2 which creates all possible candidate-pairs. Consider further limiting the number of linked candidates for soft-combining for each AL using additional gNB → UE signalling. 
Proposal-3: In the use cases of scheduling offset for “timeDurationForQCL”, Out-of-order / in-order definition for PDCCH-to-PDSCH and PDCCH-to-PUSCH, Slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS, implicit PUCCH resource determination for >8 PUCCH resources in the resource set define a reference PDCCH as the one that ends later if they end in different symbols and if they end in the same symbol, the PDCCH that is associated with the lower SS set index (Alt-2). In the use case of DAI for Type-2 codebook define a reference PDCCH as the one that ends earlier if they end in different symbols and if they end in the same symbol, the PDCCH that is associated with the lower SS set index.
Observation-4: selection diversity reception should be supported in addition to soft-combining reception 
Observation-5: the network should be able to dynamically decide on transmitting PDCCH from a single TRP (TRP-1 or TRP-2) or from both TRPs  
Proposal-6: Do not support Assumption 1 for BD. Assumptions 2, 3 and 4 can be supported with BD=2, 2 and 3 respectively.
Proposal-7:  Overbooking rules (based on current specification) at SS set level granularity can be applied to assumption 2 and extended to assumptions 3 and 4 with additional condition of SS set dropping due to linkage and can be a baseline. Further study candidate level dropping rules in order to obtain a finer granularity of dropping (particularly for span-based monitoring where the BD limits are smaller) 
Proposal-8: Support inter-slot mTRP PDCCH repetition that allows joint scheduling of PDCCH across multiple slots at the gNB to reduce blocking probability.
Proposal-9: No additional restrictions are necessary regarding time frequency overlap of SS sets or CORESETs participating in PDCCH repetitions with the condition that soft-combining of a PDCCH candidate—pair is not expected when the corresponding CCEs are overlapped
Proposal-10: Consider gNB → UE signalling of slots and monitoring occasions where a UE may expect PDCCH repetition transmission

	PUSCH
	Proposal-11: In order to support dynamic switching of mTRP/sTRP repetitions, enable dynamic switching of SRS resource sets for CB/NCB based PUSCH repetitions. The DCI indicated SRI(s) can be conditioned on the indicated SRS resource set(s).
Proposal-12: Re-interpret SRI field as a value pair (TRP-1, TRP-2) based on RRC/DCI to support dynamic switching of sTRP/mTRP operation.
Proposal-13: Use a common framework to convey TRP specific information like TPC, PTRS-DMRS, beta offset indicator, OLPC parameter selection and DMRS sequence init. Enable a basic mechanism where a single value is applied for both TRPs. Enable an advanced mechanism where the DCI field is re-interpreted as a value-pair (TRP-1, TRP-2) based on RRC/DCI.
Proposal-14: Consider extending precoder information and layer information (PINL) tables including entries indicating a layer and TPMI-pair information.    
Proposal-15: Support inter-slot repetition for PUSCH Type A
Proposal-16: Confirm the working assumption to support both cyclical and sequential mapping of UL beams for PUSCH repetition Type A and Type B.
Proposal-17: Specifications for multi-DCI multi-TRP PUSCH transmission is not well motivated considering UE processing flow impact, specification impact to resolve TBS determination issue, and PDCCH overhead/reliability issues

	PUCCH
	Proposal-18: Support dynamic switching between s-TRP/m-TRP PUCCH repetitions by associating a PUCCH resource with one or two (ordered) spatial-relation-info and PRI bit-field indicating a PUCCH resource. Introduce additional PUCCH groups that includes all and only PUCCH resources that are associated with 2 ordered spatial-relation info.
Proposal-19: Support option 1 and option 3. For option 3, whether to use 2 (TRP-1) + 2 (TRP-2) = 4 bits or 1 (TRP-1) + 1 (TRP-2) = 2 bits field-size can be aligned with the same issue in PUSCH. 
Proposal-20: Support inter-slot repetition (Scheme 1) and intra-slot repetition (Scheme 2) for PUCCH to allow both soft-combining reception and much simpler selection diversity reception at the gNB
Proposal-21: Confirm the working assumption to support both cyclical and sequential mapping of UL beams for PUCCH repetitions.
Proposal-22: Support multi-TRP repetition for short PUCCH formats 0, 2  (scheme 1 and scheme 2) in order to achieve reliability with low latency (1-2 symbol length per repetition)
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Appendix-1
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[bookmark: _Ref54299907]Figure 13: AL8 no blocking joint coding vs repetition
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Figure 14: AL16 no blocking joint coding vs repetition
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Figure 15: AL8 + blocking joint coding vs repetition
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[bookmark: _Ref54299911]Figure 16: AL16 + blocking joint coding vs repetition
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[bookmark: _Ref54300043]Figure 17: AL16 + AL16 repetition vs AL16 joint coding
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[bookmark: _Ref54300045]Figure 18: AL16 + AL16 repetition vs AL16 joint coding + blockage
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[bookmark: _Ref54300825]Figure 19: PDCCH blocking probability is reduced by allowing dynamic switching between sTRP and mTRP PDCCH
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[bookmark: _Ref54300826]Figure 20: CCE utilization is improved by allowing dynamic switching between sTRP and mTRP PDCCH
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[bookmark: _Ref54300215]Figure 21: PDCCH blocking probability is increased due to mTRP PDCCH repetition
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[bookmark: _Ref54300448]Figure 22: PDCCH blocking probability is reduced by allowing inter-slot repetition and jointly scheduling 2 slots



Appendix-2
PUSCH simulation assumptions

	Parameters
	Potential values

	Numerology
	120 kHz SCS, 200 MHz BW (30 GHz)

	Channel
	TDL-A (30ns) in FR2, 3 kmph

	Blockage
	10% probability, 10 dB blockage

	Baseline scheme
	1-TRP intra-slot FH + inter-slot repetition

	TBS
	352/704 bits (R =  0.15, 0.3 QPSK), 14 symbol/slot PUSCH

	DMRS pattern
	DM-RS configuration type 1

	Antenna config
	1Tx, 2Rx

	Redundancy Version
	[0 0] or [0 2]

	Schemes
	intra-slot beam hopping, intra-slot repetition, inter-slot repetition

	Receiver assumption
	selection diversity, soft-combining

	Channel estimation
	MMSE



Appendix-3

PUCCH format-3 simulation assumptions

	Parameters
	Potential values

	Numerology
	120 kHz SCS, 200 MHz BW (30 GHz)

	Channel
	TDL-A (30ns) in FR2, 3 kmph

	Blockage
	10% probability, 10 dB blockage

	Baseline scheme
	1-TRP intra-slot FH + inter-slot repetition

	TBS
	11 bits, 4 symbol/slot PUCCH

	DMRS pattern
	1 DM-RS

	Antenna config
	1Tx, 2Rx

	Schemes
	intra-slot beam hopping, intra-slot repetition, inter-slot repetition

	Receiver assumption
	selection diversity, soft-combining

	Channel estimation
	MMSE
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