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1 Introduction
In this contribution we provide our views on multi-TRP/multi-panel operation.
2 PDSCH scheduling restriction/indication (multi-DCI)
	The following was agreed in RAN1#96 w.r.t. multi-DCI multi-TRP PDSCH scheduling restriction/indication:

Agreement

For a UE supporting multiple-PDCCH based multi-TRP/panel transmission and each PDCCH schedules one PDSCH, at least for eMBB with non-ideal backhaul, support following restrictions: 

· The UE may be scheduled with fully/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:

· The UE is not expected to assume different DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the actual DMRS symbol location and DMRS configuration type if the UE may be scheduled with full/partially overlapping PDSCHs by multiple PDCCHs. 

· The UE is not expected to have more than one TCI index with DMRS ports within the same CDM group for fully/partially overlapped PDSCHs 

· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  

· The UE is expected to be scheduled with the same active BWP bandwidth and the same SCS if the UE is expected to receive multiple PDSCHs simultaneously at given symbols.

· The number of active BWPs for a UE is 1 per CC 

· FFS: PDSCH mapping type from two co-scheduled PDSCHs

· FFS: Alignment of PRG-level grid from multiple TRPs

· FFS: How to ensure the same active BWP between multiple TRPs

· Note that rate matching mechanisms (if need) to support multi-DCI based NCJT will be discussed separately.

Agreement

For multiple-PDCCH based multi-TRP/panel transmission, rate matching, puncturing, and pre-emption mechanisms shall be studied/enhanced if need, e.g. ratematchpattern, DMRS ports, ZP/NZP CSI-RS, SSB, configured CORESET, lte-CRS-ToMatchAround, pre-emption indications. 

· to be discussed and down-selected in RAN1#96bis


2.1 PDSCH Mapping Types from multi-DCI 
Mapping Type A + Type A

It has been agreed that a UE does not expect different DM-RS configurations with respect to the actual number of FL, additional DMRS and actual symbol locations for NC-JT. This allows mapping Type A + Type A to be handled with small impact on channel estimation. Furthermore, since the CORESET containing the scheduling DCI is contained within the first three symbols of the slot, the impact to UE processing time due to CORESET overlapping with PDSCH can be avoided. 

Mapping Type B + Type A/B

When PDSCH with mapping Type B is considered as one of the co-scheduled PDSCHs, a number of implications follow:

· Firstly, even for the case of perfectly overlapped resource allocation with aligned DM-RS locations, the impact to UE processing time needs to be taken into account since the overlap of the CORESET containing the scheduling DCI with the scheduled PDSCH may not be the same for the two NC-JT PDSCHs. Therefore the processing time might need to be relaxed based on the location of the CORESET containing the scheduling DCI.  

· Furthermore, for Type B when DM-RS collides with reserved resource for CORESET, the DM-RS is dynamically shifted to the first symbol after the end of CORESET resources. In this case, unless tight coordination between co-scheduled PDSCHs is achieved such that CORESET reserved resources also overlap properly, scheduling is restricted based on the agreement of actual DM-RS symbol location alignment.

Proposal-1: Mapping Type A + Type A NC-JT can be achieved with minimal UE impact and specification impact and could be considered as the baseline approach. Mapping Type B + Type A/B can be considered as an enhancement.
2.2 UE processing time

In the case of PDSCH overlap in NC-JT with unequal time duration, the time required for determining HARQ-ACK for one PDSCH may depend on the other. This occurs if memory associated with the shorter PDSCH is blocked from reading (even after PDSCH processing) due to the still on-going process of the longer PDSCH. In this case, the HARQ/ACK processing time of the shorter PDSCH should be relaxed based on the ending symbol difference between the two PDSCHs.

Proposal-2: Consider PDSCH processing time relaxation if the last symbol of the NC-JT PDSCHs are different

2.3 Alignment of PRG-level grid from multiple TRPs
In order to minimize impact to channel estimation mechanism within a slot, it is beneficial to align PRG boundary between the two PDSCHs assigned in the same slot. We also note that wideband precoding assumption depends on the contiguity of resource allocation and the length (at least 50% BWP) which may limit the usage of such assumption with non-ideal backhaul.
Proposal-3: Consider PRG grid alignment for PDSCHs scheduled in the same slot in order to minimize impact to existing channel estimation implementation
2.4 PDSCH rate-matching
Rate-matching for NC-JT PDSCHs scheduled by multiple PDCCH should consider the following aspects:

· rateMatchPattern ( The rate-matching of PDSCH scheduled in the same slot around rateMatchPattern can be expected to be handled by NW configuration based on semi-static coordination. A UE would be expected to apply the rate-matching behavior associated with configured rateMatchPattern to one or more PDSCHs received in the same slot.
· DMRS ports ( DMRS ports associated with NC-JT PDSCHs are expected to be on orthogonal time-frequency resources. UE is expected to receive consistent indications for rate-matching around the CDM groups from the scheduling DCIs associated with a NC-JT allocation. This should be considered when defining DMRS port tables.
· ZP/NZP CSI-RS ( The rate-matching of PDSCH around P/SP ZP/NZP CSI-RS can be expected to be handled by NW configuration based on semi-static coordination. A UE would be expected to apply the rate-matching behavior associated with configured ZP/NZP CSI-RS to one or more PDSCHs received in the same slot. 
· SSB ( Since SSB transmission locations are relatively static, collision of SSBs with unicast PDSCHs can be expected to be handled by NW configuration based on semi-static coordination.

· Configured CORESET ( UE behavior for this is subsumed in the rateMatchPattern discussion above.
· lte-CRS-ToRateMatchAround ( The following options can be considered: a) two sets of CRS patterns can be configured and for overlapping NC-JT PDSCHs, a UE performs rate-matching for each PDSCH only around the corresponding CRS pattern b) two sets of CRS patterns can be configured and for overlapping NC-JT PDSCHs, a UE performs rate-matching for both PDSCHs around both CRS patterns.

· Downlink Pre-emption Indication ( A UE should be expected to apply a detected pre-emption indication to all transmissions as in Rel-15. Since current specification allows monitoring of multiple group-common search spaces within CORESETs configured with different TCI states, monitoring of pre-emption indication from multiple TRPs is already supported
Proposal-4: For the case of rateMatchPattern, P/SP ZP/NZP CSI-RS, SSB, the rate-matching of PDSCHs scheduled from multiple DCIs is expected to be handled by NW configuration based on semi-static coordination. For the case of lte-CRS-ToRateMatchAround, PDSCH rate-matching around two CRS patterns should be considered with details FFS. For the case of Downlink Pre-emption Indication, a UE may be expected to apply a detected pre-emption indication to all transmissions as in Rel-15. 
3 UCI feedback for multi-DCI Transmission
	The following was agreed in RAN1#AH1901 and RAN1#96:
Agreement (RAN1#AH1901)

For multiple-PDCCH based multi-TRP/panel downlink transmission for eMBB, 

· Separate ACK/NACK payload/feedback for received PDSCHs is supported

· FFS: Details on PUCCH carrying separate ACK/NACK payload/feedback

· FFS: Whether to additionally support joint ACK/NACK payload/feedback for received PDSCHs

Agreement (RAN1#96)

For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used, 

· PUCCH resources conveying ACK/NACK feedback can be TDM with separated HARQ-ACK codebook. 
· FFS TDM within a slot 

· FFS: the format of PUCCH from multiple TRP shall be same or different 

For issues related to PUCCH resources, study including: 

· FFS: if PUCCH resources conveying ACK/NACK feedback are overlapped at time, whether predefined dropping rule is needed to drop ACK/NACK feedback.

· FFS: how to handle ACK/NACK overlapping with CSI reporting for different TRPs 

· FFS: how to handle PUCCH overlapping with PUSCH at the time domain for different TRPs

FFS: whether the UE can assume simultaneous ACK/NACK transmission from multiple PUCCH resources, and associated details of configurations/indication/UE capability.  


3.1 General principles

In this section we analyse the case of separate ACK/NACK payload/feedback for received PDSCHs from multiple DCIs and where PUCCH resources conveying ACK/NACK feedback is TDM with separated HARQ-ACK codebook. We consider Rel-15 based PUCCH multiplexing ability (from UE perspective) within a slot. This is shown in the following figure:
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Figure 1: Rel-15 PUCCH multiplexing ability within a slot from UE perspective where a short PUCCH is multiplexed with either a long or a short PUCCH.

Note that the multiplexing options shown in Figure 1 allow TDM of PUCCH targeting TRP-1 and TRP-2 within a slot. 
In terms of use-cases, we note that multi-DCI transmission is applicable to both non-ideal and ideal backhaul scenarios. An example of an ideal-backhaul scenario is in FR2 with multi-panel gNB where multiple PDSCH targeted to the same UE may be transmitted in different beam directions. 
3.2 HARQ-ACK codebook

It is already agreed that CORESETs can be used for TRP differentiation. Following this, a natural way to proceed is to associate a group of CORESETs across CCs with a TRP. This CORESET grouping can be done in a semi-static manner using RRC or MAC-CE signalling. We note that multi-DCI transmission is a layer-1 procedure that can be hidden from L3 – with this in mind and also avoiding RRC reconfiguration, MAC-CE signalling seems to be a suitable option for associating CORESETs with TRPs. 

Once CORESETs are associated with TRPs, an HARQ-ACK codebook (per TRP) can be constructed considering PDSCH transmissions from the same TRP based on existing Rel-15 procedure as shown in the following figure. Two TRP support (considering multiple CCs associated with a PUCCH group) can be considered sufficient from the point of view of HARQ-ACK codebook construction. In other words, a total of two sets of HARQ-ACK codebooks can be considered corresponding to 2 TRPs. Both semi-static and dynamic HARQ-ACK codebook constructions can follow the same principle. 
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Figure 2: Shows the principle of HARQ-ACK codebook generation for multi-DCI operation. A group of PDSCH associated with a first group of CORESETs is considered for a first HARQ-ACK codebook and a group of PDSCH associated with a second group of CORESETs is considered for a second HARQ-ACK codebook.
Proposal-5: Introduce signalling to group CORESETs across CCs into two groups. Signalling could be per CC and using MAC-CE
3.3 PUCCH resource allocation and indication for TRP-1/TRP-2
Before discussing resource allocation and indication for TRP-1/TRP-2, the following fields in PUCCH-Config related to resource allocation is considered for discussion:
pucch-PowerControl: Separate UE specific power control parameters for TRP-1 and TRP-2 considering that the different TRPs may be associated with different cell size, load, etc. is an issue that is also considered in beam-management AI in the context of multi-panel UEs. Therefore introduction of separate pucch-PowerControl parameters have some dependency.
PUCCH-FormatConfig, dl-DataToUL-ACK: This IE and field may be common for both TRP-1 and TRP-2 unless a specific motivation is found for allowing TRP specific configuration. We also note that if PUCCH-FormatConfig field values are configured in a TRP specific fashion, new UE behaviour would be needed in case PUCCH targeting TRP-1 and TRP-2 occur in the same slot.
PUCCH-SpatialRelationInfo: No change from Rel-15 is required, a PUCCH-SpatialRelationInfo can be indicated for each PUCCH resource. Some resources can be associated with TRP-1 while others associated with TRP-2.
Regarding PUCCH resource allocation and indication for TRP-1/TRP-2, we discuss two approaches:

Alt-1 (Using Rel-15 specification): PUCCH resource allocation is performed using a single PUCCH-Config according to Rel-15. PUCCH resource indication for TRP-1 and TRP-2 is performed using PRI. It is assumed that TRP-1 and TRP-2, using semi-static coordination, is able to partition the PUCCH resources configured for a particular UE. TRP-1 ensures that DCI transmitted from TRP-1 is indicating a PUCCH resource from the PUCCH resource partition associated with TRP-1 – and similarly for TRP-2. An example of PUCCH resource partitioning/indication according to Rel-15 specifications is shown in Figure 3, Figure 4 and Figure 5. In the case of ideal backhaul, this alternative naturally allows the NW to not partition PUCCH resources and allow multiplexing of UCI irrespective of TRP-1 or TRP-2 in any indicated PUCCH resource. 
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Figure 3: Showing possible PUCCH resource partitioning between TRP-0 and TRP-1 and indication based on PRI and CC index (supported in Rel-15)
Note that in this case, for UCI indicated by dynamic DCI, a CORESET group as mentioned above can be used to multiplex UCI belonging to a TRP or prioritize UCI between two TRPs for dropping. However this is a piece-meal solution because in this case for PUCCH resources that are not associated with a DCI detection like periodic and semi-persistent CSI and configured grants, the UE is not aware of the association of PUCCH resources/UCI to TRPs. 
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Figure 4: PUCCH resource allocation example (long and short PUCCH) using Rel-15 specification for TRP-1 and TRP-2 based on semi-static coordination across TRPs
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Figure 5: PUCCH resource indication example using Rel-15 specification. PRI is used to select respective PUCCH resources from DCI.

Alt-2 (PUCCH resource grouping): PUCCH resources assigned to a UE are grouped into two groups. These two PUCCH resource groups can be semi-statically associated with the two CORESET groups. This can be beneficial if multiplexing rules are necessary for UCI targeting the same TRP or dropping rules are necessary for PUCCH resource collision targeting TRP-1 and TRP-2. This allows the NW scheduler more flexibility.
Also note that a UE may select between long and short PUCCH dynamically based on scheduling – this implies that long PUCCH cannot be in both TRP-1 and TRP-2 partitions if PUCCH from both TPRs can possibly occur in the same slot.  

Considering the above discussion, our preference is to use Alt-1 for PUCCH resource allocation and indication with the consideration that the NW ensures proper PUCCH resource partition between TRP-1 and TRP-2 and appropriate resource selection. We also believe (similar to the downlink) a single PUCCH-Config is sufficient for PUCCH resource configuration with the possibility of defining multiple pucch-PowerControl fields left for further discussion. 
Proposal-6: Consider the following options for PUCCH resource allocation and indication:
Option 1: Reuse Rel-15 specifications and dropping or multiplexing rules are not specified. The NW ensures TDM of UCI/PUCCH resources

Option 2: Introduce two PUCCH groups that are associated with two CORESET groups if multiplexing rules are to be specified for UCI targeting the same TRP and/or dropping rules are to be specified for PUCCH resource collision between TRPs.

Proposal-7: Consider introducing multiplexing of two long PUCCHs in one slot to allow more flexible PUCCH resource partitioning between 2 TRPs in the same slot.

3.4 UCI multiplexing

UCI multiplexing in Rel-15 follows the following steps:
Step0: CSI multiplexing on PUCCH: According to Rel-15 behaviour, when UE is not configured with multi-CSI-PUCCH-ResourceList, it selects a maximum of two non-overlapping PUCCH resources for CSI reports with the highest priority with at least one short PUCCH selected. This is shown in the following: 
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Figure 6: Rel-15 UE behaviour for CSI multiplexing on PUCCH when multi-CSI-PUCCH-ResourceList is not configured (priority: CSI2 > CSI1, CSI3> CSI4)
The UE behaviour is identical when all PUCCH resources are non-overlapping. In the case of overlapping PUCCH resources and when UE is configured with multi-CSI-PUCCH-ResourceList, a UE multiplexes all CSI reports in up to two non-overlapping PUCCH resources in a slot (assuming that two non-overlapping PUCCH resources are configured by multi-CSI-PUCCH-ResourceList corresponding to two TRPs).
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Figure 7: Rel-15 UE behaviour for CSI multiplexing on PUCCH when multi-CSI-PUCCH-ResourceList is configured
It can be observed that Rel-15 UE behaviour can be retained for CSI multiplexing if the NW ensures that the PUCCH resources for TRP-1 is non-overlapping with the PUCCH resources for TRP-2 (including multi-CSI-PUCCH-ResourceList). If this cannot be ensured by the NW then dropping rules should be specified. Dropping rules could consider multi-CSI-PUCCH-ResourceList configuration, CSI priority. Dropping rules may be conditional as dropping may not be applicable if ideal-backhaul is considered.
Step 1: HARQ-ACK/SR/CSI multiplexing on PUCCH: According to Rel-15 UE behaviour, a UE follows an iterative algorithm for multiplexing UCI if a set of timeline conditions are satisfied resulting in up to two non-overlapping PUCCH resources as shown in the following: 
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Figure 8: Rel-15 UE behaviour for HARQ-ACK/SR/CSI multiplexing on PUCCH based on iterative mechanism
As in the case of CSI, we have a similar observation here - Rel-15 UE behaviour can be retained for UCI multiplexing if the NW ensures that the PUCCH resources for TRP-1 is non-overlapping with the PUCCH resources for TRP-2. If this cannot be ensured by the NW then dropping rules should be specified that could consider timeline, duration etc. of PUCCH.
Step 2: HARQ-ACK/SR/CSI multiplexing on PUCCH/PUSCH: In general for PUSCH transmission, we believe NW should ensure that PUSCH for TRP-1 and TRP-2 are scheduled in a non-overlapping manner and no dropping rules are required. 
In terms of UCI multiplexing on PUSCH, according to Rel-15, if a resulting non-overlapping PUCCH from Step 1 overlaps with one or more PUSCHs and a set of conditions including timeline are satisfied, UCI is multiplexed on an overlapping PUSCH. This is shown in the following figure where the non-overlapping PUCCHs can be assumed to be the output of Step 1. We can observe that if a PUCCH for TRP-1 overlaps with a PUSCH for TRP-2, then certain specification changes are required to preclude UCI multiplexing on PUSCH in such case. If however, the NW ensures that PUCCH resources for TRP-1 is non-overlapping with PUSCH for TRP-2, no specification changes are required to enable UCI multiplexing on PUSCH.
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Figure 9: Shows that TDM of PUSCH targeted to TRP-1 and TRP-2 is not sufficient to ensure proper UCI multiplexing on PUSCH. It is also necessary to ensure that PUSCH targeting TRP-1 does not overlap with PUCCH targeting TRP-2 and vice-versa
Proposal-8: Consider the following options for UCI multiplexing on PUCCH/PUSCH:

Option 1: Reuse Rel-15 specifications and NW ensures the following:

· Within a PUCCH group, PUCCH resources configured for TRP-1 and TRP-2 are non-overlapping if PUCCH for TRP-1 and TRP-2 can potentially occur in the same slot. If PUCCH for TRP-1 and TRP-2 are TDM-ed in a slot-level (across CCs), no restriction is required
· Within a PUCCH group, PUCCH resources configured for TRP-1 and PUSCH for TRP-2 are non-overlapping if PUCCH for TRP-1 and PUSCH for TRP-2 can potentially occur in the same slot. If PUCCH for TRP-1 and PUSCH for TRP-2 are TDM-ed in a slot-level (across CCs), no restriction is required

Option 2: Introduce two PUCCH groups that are associated with two CORESET groups if UCI multiplexing/dropping rules are to be specified for PUCCH/PUSCH.

4 PDSCH enhancements for reliability

	Conclusion of email discussion post RAN1#96

To facilitate further down-selection for one or more schemes in RAN1#96bis, schemes for multi-TRP based URLLC, scheduled by single DCI at least, are clarified as following: 
· Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation

· Scheme 1a:  
· Each transmission occasion is a layer or a set of layers of the same TB, with each layer or layer set is associated with one TCI and one set of DMRS port(s). 
· Single codeword with one RV is used across all spatial layers or layer sets. From the UE perspective, different coded bits are mapped to different layers or layer sets with the same mapping rule as in Rel-15. 
· Scheme 1b:

· Each transmission occasion is a layer or a set of layers of the same TB, with each layer or layer set is associated with one TCI and one set of DMRS port(s).
· Single codeword with one RV is used for each spatial layer or layer set. The RVs corresponding to each spatial layer or layer set can be the same or different.
· FFS: codeword-to-layer mapping when total number of layers <= 4
· Scheme 1c: 
· One transmission occasion is one layer of the same TB with one DMRS port associated with multiple TCI state indices, or one layer of the same TB with multiple DMRS ports associated with multiple TCI state indices one by one.
· Applying different MCS/modulation orders for different layers or layer sets can be discussed.
· Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation  
· Each non-overlapped frequency resource allocation is associated with one TCI state.
· Same single/multiple DMRS port(s) are associated with all non-overlapped frequency resource allocations.
· Scheme 2a: 
· Single codeword with one RV is used across full resource allocation. From UE perspective, the common RB mapping (codeword to layer mapping as in Rel-15) is applied across full resource allocation. 
· Scheme 2b: 
· Single codeword with one RV is used for each non-overlapped frequency resource allocation. The RVs corresponding to each non-overlapped frequency resource allocation can be the same or different.
· Applying different MCS/modulation orders for different non-overlapped frequency resource allocations can be discussed.
· Details of frequency resource allocation mechanism for FDM 2a/2b with regarding to allocation granularity, time domain allocation can be discussed. 
· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation 
· Each transmission occasion of the TB has one TCI and one RV with the time granularity of mini-slot. 
· All transmission occasion (s) within the slot use a common MCS with same single or multiple DMRS port(s).  
· RV/TCI state can be same or different among transmission occasions. 
· FFS channel estimation interpolation across mini-slots with the same TCI index
· Scheme 4 (TDM): n (n<=Nt2) TCI states with K (n<=K) different slots. 
· Each transmission occasion of the TB has one TCI and one RV.  
· All transmission occasion (s) across K slots use a common MCS with same single or multiple DMRS port(s) 
· RV/TCI state can be same or different among transmission occasions. 
· FFS channel estimation interpolation across slots with the same TCI index

Note that M-TRP/panel based URLLC schemes shall be compared in terms of improved reliability, efficiency, and specification impact.

Note: Support of number of layers per TRP may be discussed


4.1 FR1 case
Here we assume that a UE can receive transmission from multi-TRP on the same OFDM symbol. This also applies to multi-panel UEs in FR2. In this case a NE scheduling a URLLC PDSCH transmission using multi-TRP mechanism can budget a single slot for successful PDSCH reception. All the schemes described in the email discussion apply in this case (SDM, FDM and TDM). 
As a basis of fair comparison, we assume the same time-frequency resource for all schemes. The simulations assumptions are provided in Table 1 and Table 2.

Table 1: Scheme specific LLS assumptions
	
	Scheme 1a
	Scheme 1b
	Scheme 2a
	Scheme 2b 
	Scheme 3
	Scheme 4

	Multiplexing
	SDM
	SDM
	FDM
	FDM
	TDM
	TDM

	# CW
	1
	2
	1
	2
	2
	1

	RV
	RV0
	RV0, RV2
	RV0
	RV0, RV2
	RV0, RV2
	RV0

	TBS
	S
	S
	S
	S
	S
	S

	Code-rate
	R/2
	R
	R
	2R
	2R
	R

	
	
	
	
	
	
	


Table 2: LLS assumptions for all schemes

	Parameters
	Values

	Carrier Frequency
	4 GHz

	Subcarrier Spacing for data
	15 kHz

	TBS (S)
	256 (R ~ 1/10), 2088 (R ~ 1/2), 4000 (R ~ 2/3) 

	Modulation
	QPSK

	Channel Model
	TDL-C model

-
delay spread =300ns

-
UE speed=3km/h

	Blocking
	Probability that any of the 2 links is blocked is 5%

Blocking is modelled by a 10 dB power loss 

	BS antenna configurations
	2 TRP equal power, 2Tx each TRP

	UE antenna configurations
	4Rx

	Transmission scheme
	Precoder cycling

	MIMO mode
	1 port transmission

	UE receiver type
	MRC/LMMSE, practical channel estimation
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Figure 10: Description of multi-TRP schemes 1-4 and baseline
4.1.1 Comparison of schemes 2a and 2b
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Figure 11: No blockage model, scheme 2a vs 2b (R is defined in Table 1)
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Figure 12: With blockage model, scheme 2a vs 2b (R is defined in Table 1)


Observations: The performance of schemes 2a and 2b are very close. Scheme 2a generally performs slightly better due to a lower code-rate when blockage does not apply. In the case when one of the links is likely blocked and the code-rate is not too low, scheme 2b is slightly better. This is an expected benefit of repetition with RV0 and RV2 and can be observed from Figure 12, R=1/2 results. However, scheme 2b requires more processing at the UE in terms of soft-combining within a slot and also more specification effort.

4.1.2 Comparison of schemes 1a, 1b and 2a
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Figure 13: Schemes 1a, 1b and 2a (R is defined in Table 1)
Observations: We observe that scheme 1a (supported by Rel-15 specifications) is almost the same or slightly better than scheme 1b. Further, we note that additional inter-layer interference is present in schemes 1a, 1b which is not present in scheme 2a. PDSCH/DMRS is transmitted with a 3 dB power-boost in scheme 2a compared to schemes 1a, 1b. However, the code-rate in scheme 1a is about half of that of scheme 2a. Considering these trade-offs the results show that the performance of scheme 2a is better than schemes 1a, 1b by ~ 1dB. 
4.1.3 Comparison of schemes 3 and 2a
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Figure 14: Scheme 3 and 2a (R is defined in Table 1)
Observations: We observe that scheme 2a is about 3 dB better than scheme 3. This can be explained by a 3dB power boost that can be applied to scheme 2a but not to scheme 3.
4.2 FR2 case
Here we assume that a UE cannot receive transmission from multi-TRP on the same OFDM symbol. This applies to single-panel UEs in FR2. Schemes 3 and 4 (TDM) described in the email discussion are applicable in this case.

We note that in FR2, the minimum beam switching time counted by the number of symbols between the last PDCCH symbol and the first PDSCH symbol is 7 for 60 kHz SCS and 14 for 120 kHz in Rel-15. Therefore the NW has to budget at least 2 slots for successful multi-TRP PDSCH reception in this case. Therefore in order to compare schemes 3 and 4, we consider a 2-slot allocation as shown in Figure 15 and Figure 16. Note that scheme 3 according to Figure 16 assumes a 6 OS beam-switch delay that provides an upper bound on performance.

4.2.1 Comparison of schemes 3 and 4
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Figure 15: Scheme 4, 2-slot allocation
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Figure 16: Scheme 3, 2-slot allocation
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Figure 17: Schemes 3 and 4 using 2-slot allocation as shown in Figure 15 and Figure 16 (R is defined in Table 1)
Observations: We can observe from Figure 17 that the performance of scheme 4 is about 1 dB better than scheme 3 considering a 2-slot allocation. This can be attributed to some loss in coding gain due to smaller allocations in scheme 3 and also some channel estimation performance loss due to only 1 front-loaded symbol in scheme 3.
Observations (summary)-9: Considering both FR1 and FR2 cases, scheme 2a and scheme 4 provides a reasonable balance of performance and UE complexity/specification effort
· Scheme 1b does not provide significant benefit over scheme 1a which is already supported by Rel-15

· Scheme 2b does not provide significant benefit over scheme 2a which is already supported by Rel-15

· Scheme 4 (and also scheme 2a when applicable) provides better performance than scheme 3
5 Conclusions

Proposal-1: Mapping Type A + Type A NC-JT can be achieved with minimal UE impact and specification impact and could be considered as the baseline approach. Mapping Type B + Type A/B can be considered as an enhancement.

Proposal-2: Consider PDSCH processing time relaxation if the last symbol of the NC-JT PDSCHs are different

Proposal-3: Consider PRG grid alignment for PDSCHs scheduled in the same slot in order to minimize impact to existing channel estimation implementation
Proposal-4: For the case of rateMatchPattern, P/SP ZP/NZP CSI-RS, SSB, the rate-matching of PDSCHs scheduled from multiple DCIs is expected to be handled by NW configuration based on semi-static coordination. For the case of lte-CRS-ToRateMatchAround, PDSCH rate-matching around two CRS patterns should be considered with details FFS. For the case of Downlink Pre-emption Indication, a UE should be expected to apply a detected pre-emption indication to all transmissions as in Rel-15. 
Proposal-5: Introduce signalling to group CORESETs across CCs into two groups. Signalling could be per CC and using MAC-CE

Proposal-6: Consider the following options for PUCCH resource allocation and indication:

Option 1: Reuse Rel-15 specifications and dropping or multiplexing rules are not specified. The NW ensures TDM of UCI/PUCCH resources

Option 2: Introduce two PUCCH groups that are associated with two CORESET groups if multiplexing rules are to be specified for UCI targeting the same TRP and/or dropping rules are to be specified for PUCCH resource collision between TRPs.

Proposal-7: Consider introducing multiplexing of two long PUCCHs in one slot to allow more flexible PUCCH resource partitioning between 2 TRPs in the same slot.

Proposal-8: Consider the following options for UCI multiplexing on PUCCH/PUSCH:

Option 1: Reuse Rel-15 specifications and NW ensures the following:

· Within a PUCCH group, PUCCH resources configured for TRP-1 and TRP-2 are non-overlapping if PUCCH for TRP-1 and TRP-2 can potentially occur in the same slot. If PUCCH for TRP-1 and TRP-2 are TDM-ed in a slot-level (across CCs), no restriction is required
· Within a PUCCH group, PUCCH resources configured for TRP-1 and PUSCH for TRP-2 are non-overlapping if PUCCH for TRP-1 and PUSCH for TRP-2 can potentially occur in the same slot. If PUCCH for TRP-1 and PUSCH for TRP-2 are TDM-ed in a slot-level (across CCs), no restriction is required

Option 2: Introduce two PUCCH groups that are associated with two CORESET groups if UCI multiplexing/dropping rules are to be specified for PUCCH/PUSCH.

Observations (summary)-9: Considering both FR1 and FR2 cases, scheme 2a and scheme 4 provides a reasonable balance of performance and UE complexity/specification effort
· Scheme 1b does not provide significant benefit over scheme 1a which is already supported by Rel-15

· Scheme 2b does not provide significant benefit over scheme 2a which is already supported by Rel-15

· Scheme 4 (and also scheme 2a when applicable) provides better performance than scheme 3
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