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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
Joint coding (single PDCCH) vs repetition

	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.



We have focussed LLS evaluation in FR2 scenario as it is the main scenario that requires specification to support PDCCH repetition (since SFN is not feasible in most UE orientations). It is observed from the following simulation results (Figure 1 - Figure 4) that the performance in the BLER range of interest is similar between joint coding and repetition schemes (including consideration of the occurrence of blockage).
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[bookmark: _Ref54299907]Figure 1: AL8 no blocking joint coding vs repetition
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Figure 2: AL16 no blocking joint coding vs repetition
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Figure 3: AL8 + blocking joint coding vs repetition
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[bookmark: _Ref54299911]Figure 4: AL16 + blocking joint coding vs repetition



Maximum reliability performance

In the following Figure 5 and Figure 6 we observe that separate coding (repetition) scheme can be generalized easily to support higher reliability targets by using AL16+AL16 repetition compared to joint coding. This can be beneficial for scenarios with high reliability targets in the presence of blockage.
	[image: ]
[bookmark: _Ref54300043]Figure 5: AL16 + AL16 repetition vs AL16 joint coding
	[image: ]
[bookmark: _Ref54300045]Figure 6: AL16 + AL16 repetition vs AL16 joint coding + blockage



Simplified reception with selection diversity

We can observe from the above Figure 1- Figure 6 that simple selection diversity receiver can achieve performance within a dB of more complex soft-combining receiver especially in the presence of blockage. This is a key benefit of using repetitions. 

Proposal-1: Support repetition scheme (option-2) due to the following
· Repetition schemes are compatible with selection diversity based low complexity receivers that can provide performance within a dB of soft-combining receivers especially in the presence of blockage
· Repetition schemes can support AL16+AL16 (plus inter-slot repetition) providing better performance than AL16 joint-coding scheme even with selection diversity reception

[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 7. 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 8. Note that inter-slot PDCCH scheduling does not require additional BD/CCE at the UE.

Proposal-2: Support both intra-slot and inter-slot mTRP PDCCH repetition that allows joint scheduling of PDCCH across multiple slots at the gNB to reduce blocking probability.
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[bookmark: _Ref54300215]Figure 7: PDCCH blocking probability is increased due to mTRP PDCCH repetition
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[bookmark: _Ref54300448]Figure 8: PDCCH blocking probability is reduced by allowing inter-slot repetition and jointly scheduling 2 slots



sTRP and mTRP PDCCH transmissions

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. Obviously the aggregation level of a PDCCH transmitted from a single TRP may be 2x of that of a PDCCH that is repeated from TRP-1 and TRP-2. This means that a UE may expect reception of the same DCI from either TRP-1 or TRP-2 or from both TRP-1+TRP-2. This flexibility, however, comes at an increased cost of BD. The following results in Figure 9, Figure 10 quantify the improvement in PDCCH blocking due to this flexibility (and a better CCE utilization as well).

Proposal-3: Support dynamic switching between sTRP and mTRP PDCCH transmission to reduce PDCCH blocking probability
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[bookmark: _Ref54300825]Figure 9: PDCCH blocking probability is reduced by allowing dynamic switching between sTRP and mTRP PDCCH
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[bookmark: _Ref54300826]Figure 10: CCE utilization is improved by allowing dynamic switching between sTRP and mTRP PDCCH



Multiplexing of mTRP PDCCH transmission

	Agreement
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.



In terms of transmitted PDCCH from multiple TRPs, we expect both TDM and FDM schemes to be supported. The FDM schemes allow latency advantage and potential power boosting. The TDM schemes allow reception from multiple TRPs at a UE using single panel reception (in FR2). Also as shown above in section 2.4 it is beneficial to spread out mTRP PDCCH repetition across slots to reduce PDCCH blocking probability. In general, we do not expect any multiplexing limitations during scheduling of mTRP repetitions from the gNB side. 

Proposal-4: Support TDM/FDM and combinations thereof for transmitted PDCCH repetitions from multiple TRPs. We propose to use Rel-15 CORESET and SS-set terminology that naturally includes multiplexing. 

	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 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 






Observations on Alt 1-1

[image: ]
Figure 11: Alt 1-1: one candidate associated to 2 TCI states
We assume that CCE to TCI mapping is semi-static in this case as shown in the above figure. Then we have the following observations:
· Unequal CCE partitioning between 2 TRPs is difficult, natural way is even-odd CCEs
· Not suitable/efficient for repetition schemes because candidates mapped to both TCI states cannot be used, similarly if one of the TRPs is blocked (due to PDCCH blocking) then some candidates cannot be used.
· Not suitable/efficient for selection combining UE receivers because candidates mapped to both TCI states cannot be used.
· Wideband DMRS mode for precoder granularity not supported
· Target reliability is limited to AL16
Observations on Alt 1-2

In this case there are two possibilities – same or different monitoring occasions (MO) corresponding to different TCI states as shown below:
[image: ]
Figure 12: Alt 1-2 different monitoring occasions (MO) corresponding to different TCI states
If we assume same monitoring occasion, then the candidate to TCI state mapping is shown in the following figure. Here we note that 
· Channel estimation cannot be reused across candidates – this leads to poor utilization of CCE limitations
· wideband DMRS not supported

[image: ]
Figure 13: Alt 1-2: 2 candidates are associated with 2 TCI states

Observations on Alt 1-3

In this case, each of the candidates of the two SS-sets fully overlap (if the monitoring occasions of the SS-sets overlap) as the hashing function is the same for the two SS-sets in the same slot. As a result, this implies strict TDM multiplexing of mTRP repetitions. This is shown below. 

[image: ]
Therefore, we have the following observations:
· Unequal CCE provisioning across TRPs not supported
· Implies strict TDM multiplexing of mTRP repetitions.
Observations on Alt 2

In this case, one SS-set is associated with 2 CORESETs. This naturally associates each PDCCH candidate to two TCI states. However, we think it is beneficial to allow dynamic switching between mTRP repetitions and sTRP PDCCH transmission. In order to allow this, we also need to provision for PDCCH candidates associated with a single TCI state. Therefore, we don’t see any benefit of this scheme vs Alt-3 which can be much simpler to specify. Therefore, our observations are: 
· no advantage over Alt-3. 
· additional specification impact to support candidates from sTRP
Based on the above discussion we have the following proposal. 

Proposal-5: Support Alt-3: two SS sets associated with corresponding CORESETs.

Linkage of PDCCH candidates

	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 



Linkage of PDCCH candidates can reduce BD attempts at the UE. As an example, if 2 candidates of TCI-1 are linked to 2 candidates of TCI-2, it leads to 2 BD candidates of TCI-1+TCI-2. If they are not linked it leads to 2x2=4 BD candidates of TCI-1+TCI-2. At the same time, application of linkage reduces the number of mTRP PDCCH candidates and can lead to an increase in blocking probability. In the following we compare PDCCH blocking probability with and without application of  linkage.
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Figure 14: Blocking probability is quite similar with or without using linkage - 20% mTRP UEs
	[image: ]
Figure 15: Blocking probability is quite similar with or without using linkage -  50% mTRP UEs



We observe that blocking performance does not degrade too much due to linkage because generally blockage is dominated by high ALs and a UE typically monitors 1-2 candidates for high ALs. Therefore, not much scheduling freedom is lost by applying linkage. On the other hand, low ALs do not contribute to blockage significantly but contribute to a large number of BD candidates if linkage is not applied.
Proposal-6: Specify linkage of PDCCH candidates between TRP-1 and TRP-2
PUSCH

Intra-slot beam hopping

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 Tx duration): PUSCH repetitions are contained within a slot shown in Figure 16. In this case intra-slot repetition has 2x code-rate compared to that of intra-slot beam hopping. 
· Inter-slot case (2 slots Tx duration): PUSCH repetitions cross the slot boundary and in this case spans 2 slots as shown in Figure 17. In this case both inter-slot repetition and intra-slot beam hopping has the same code-rate. 
	[image: ]
[bookmark: _Ref54301634]Figure 16: Intra-slot case - PUSCH repetition is contained within 1 slot
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[bookmark: _Ref54301666]Figure 17: Inter-slot case - PUSCH repetition spans 2 slot duration
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Figure 18: R=0.15, intra-slot case (1 slot) + blockage
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Figure 19: R=0.15, inter-slot case (2 slots) + blockage
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Figure 20: R=0.15, intra-slot case (1 slot) + no blockage
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Figure 21: R=0.15, inter-slot case (2 slots) + no blockage
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Figure 22: R=0.3, intra-slot case (1 slot) + blockage
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Figure 23: R=0.3, inter-slot case (1 slot) + blockage




From simulation results above, our observation is that in the 1 slot case, intra-slot beam hopping and intra-slot repetition performance is quite similar. 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. Further it is not clear how intra-slot beam hopping can be applied to PUSCH repetition Type B. Therefore we have the following proposal:

Proposal-7: Support intra-slot repetition and inter-slot repetitions for PUSCH 
Beam mapping for PUSCH repetitions

	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. 



PUSCH repetition Type A
If intra-slot beam hopping is not supported, then we believe it is sufficient to consider cyclical mapping pattern. 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 used then both frequency diversity and TRP diversity is achieved (Figure 24). In this case antenna switching gaps may occur at slot or sub-slot boundary. 

Proposal-8: for PUSCH repetition Type A (and if intra-slot beam hopping is not considered) consider cyclical beam mapping pattern as the baseline scheme

If intra-slot beam hopping is considered then cyclical beam mapping may not be able to exploit frequency hopping gains within a TRP. This is shown in Figure 25 below.
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[bookmark: _Ref54305843]Figure 24: PUSCH Type A with inter-slot repetition and cyclical mapping provide FH gains and TRP diversity
	[image: ]
[bookmark: _Ref54305862]Figure 25: PUSCH Type A with intra-slot beam hop and cyclical mapping does not provide FH gains



PUSCH repetition Type B

In the case of PUSCH Type B, inter-repetition frequency hopping is based on nominal repetitions. However, rate-matching, encoding and RV cycling is based on actual repetitions. In order to enable a simple RV mapping (as in the case of Rel-16 PDSCH) we propose to consider  beam mapping based on actual repetitions. Note, however, that obtaining FH gains depends on the beam mapping as shown below – in Figure 26 sequential mapping is shown to exploit both FH gains and TRP diversity but cyclical mapping (Figure 27) cannot fully exploit FH gains. However, cyclical mapping makes sense for 2 repetitions.
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[bookmark: _Ref54305926]Figure 26: PUSCH Type B + FH + sequential mapping
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[bookmark: _Ref54305956]Figure 27: PUSCH Type B + FH + cyclical mapping



Proposal-9: for PUSCH repetition Type B beam mapping pattern is related to beam mapping unit (nominal repetition or actual repetition). We can consider beam mapping unit to be actual repetitions and supporting both sequential and cyclical beam mapping patterns.

Multi-DCI PUSCH

The definition or motivation for multi-DCI PUSCH is still not clear. In order to support PUSCH repetition for mTRP it is conceivable that the DCI payload size may need to be carefully considered – this however cannot be solved by multi-DCI PUSCH since multi-DCI most likely will require more resources than single DCI transmission. As a residual of Rel-16 multi-DCI mTRP specifications there could be potential optimisations for uplink transmissions including PUCCH and PUSCH for non-ideal backhaul scenarios but it is unclear if these are in scope for this agenda item.

Observation-10: Motivation or use-case for multi-DCI PUSCH enhancement is still not clear

Other PUSCH enhancements

Similar to downlink, we think it is beneficial to allow dynamic switching between 1-TRP repetition and 2-TRP repetition to allow for full flexibility at the NW side.
Proposal-11: Allow dynamic switching between 1-TRP repetition and 2-TRP repetitions for PUSCH

We also note that in FR2 operation, each PUSCH repetition is TDM-ed and is contributing interference to primarily a single target TRP (unlike FR1). In this case we propose to consider DMRS sequence to be cycled in consecutive repetitions in a TRP specific manner. This allows interference orthogonalization (MU-MIMO) with traffic scheduled in the same cell and interference randomization with traffic scheduled in the neighbor cells.
Proposal-12: Consider DMRS sequence to be cycled in consecutive repetitions in a TRP specific manner
PUCCH

Intra-slot beam hopping

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 28. 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 29. In this case both inter-slot repetition and intra-slot beam hopping has the same code-rate. 
	[image: ]
[bookmark: _Ref54306019]Figure 28: Intra-slot case (1 slot)
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[bookmark: _Ref54306033]Figure 29: Inter-slot case (2 slots)
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Figure 30: Intra-slot case (1 slot) + blockage
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Figure 31: 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-13: Support intra-slot repetition and inter-slot repetition for PUCCH to allow both soft-combining reception and much simpler selection diversity reception at the gNB
Spatial relation info configuration

The need for 2 PUCCH resources to be used for PUCCH repetition should be properly motivated, otherwise it is an inefficient usage of resources. If there is a need for different resource allocations (# of symbols, and symbol allocation, number of PRBs and PRB allocation), using up 2 resources can be justified.
A single PUCCH resource can be configured with multiple spatial-relation-info by extending the concept of PUCCH groups. A 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-14: A single PUCCH resource can be used for PUCCH repetitions. Introduce additional PUCCH groups that includes all and only PUCCH resources that are associated with 2 ordered spatial-relation info.

Mapping of Spatial relation info to repetitions/beam-hopping

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, so these schemes can be left for further study.
Proposal-15: (if intra-slot beam hopping is not considered) cyclical mapping of beams to PUCCH repetitions can be used as a baseline beam mapping pattern.
Other PUCCH enhancements

Proposal-16: Consider dynamic control of PUCCH repetition factor and switching between 1-TRP and 2-TRP repetitions

We also note that in FR2 operation, each PUCCH repetition is TDM-ed and is contributing interference to primarily a single target TRP (unlike FR1). In this case we propose to consider DMRS sequence to be cycled in consecutive repetitions in a TRP specific manner. This allows interference orthogonalization with traffic scheduled in the same cell and interference randomization with traffic scheduled in neighbor cells.
Proposal-17: Consider PUCCH DMRS sequence to be cycled in consecutive repetitions in a TRP specific manner
Conclusions

	PDCCH
	Proposal-1: Support repetition scheme (option-2) due to the following
· Repetition schemes are compatible with selection diversity based low complexity receivers that can provide performance within a dB of soft-combining receivers especially in the presence of blockage
· Repetition schemes can support AL16+AL16 (plus inter-slot repetition) providing better performance than AL16 joint-coding scheme even with selection diversity reception
Proposal-2: Support both intra-slot and inter-slot mTRP PDCCH repetition that allows joint scheduling of PDCCH across multiple slots at the gNB to reduce blocking probability.
Proposal-3: Support dynamic switching between sTRP and mTRP PDCCH transmission to reduce PDCCH blocking probability
Proposal-4: Support TDM/FDM and combinations thereof for transmitted PDCCH repetitions from multiple TRPs. We propose to use Rel-15 CORESET and SS-set terminology that naturally includes multiplexing. 
Proposal-5: Support Alt-3: two SS sets associated with corresponding CORESETs.
Proposal-6: Specify linkage of PDCCH candidates between TRP-1 and TRP-2


	PUSCH
	Proposal-7: Support intra-slot repetition and inter-slot repetitions for PUSCH 
Proposal-8: for PUSCH repetition Type A (and if intra-slot beam hopping is not considered) consider cyclical beam mapping pattern as the baseline scheme
Proposal-9: for PUSCH repetition Type B beam mapping pattern is related to beam mapping unit (nominal repetition or actual repetition). We can consider beam mapping unit to be actual repetitions and supporting both sequential and cyclical beam mapping patterns.
Observation-10: Motivation or use-case for multi-DCI PUSCH enhancement is still not clear
Proposal-11: Allow dynamic switching between 1-TRP repetition and 2-TRP repetitions for PUSCH
Proposal-12: Consider DMRS sequence to be cycled in consecutive repetitions in a TRP specific manner

	PUCCH
	Proposal-13: Support intra-slot repetition and inter-slot repetition for PUCCH to allow both soft-combining reception and much simpler selection diversity reception at the gNB
Proposal-14: A single PUCCH resource can be used for PUCCH repetitions. Introduce additional PUCCH groups that includes all and only PUCCH resources that are associated with 2 ordered spatial-relation info.
Proposal-15: (if intra-slot beam hopping is not considered) cyclical mapping of beams to PUCCH repetitions can be used as a baseline beam mapping pattern.
Proposal-16: Consider dynamic control of PUCCH repetition factor and switching between 1-TRP and 2-TRP repetitions
Proposal-17: Consider PUCCH DMRS sequence to be cycled in consecutive repetitions in a TRP specific manner
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Appendix-1
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-2

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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