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Introduction
In Rel.17 NR FeMIMO WID, multi-TRP enhancements for PDCCH, PUCCH, and PUSCH are given as follows [1]:
	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 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
d. Enhancement to support HST-SFN deployment scenario:
i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework



This contribution provides Samsung’s view on the highlighted topic above.

Discussion
1 
2 
PDCCH enhancements
In Rel-16, multi-beam/-TRP based repetition for PDSCH is supported to achieve the target reliability for URLLC, e.g., up to the BLER of . However, Rel-16 doesn’t support PDCCH repetition except for the paging purpose. Considering that Rel-16 PDCCH is designed to meet the target requirement of , the reliability of physical downlink channel becomes bottlenecked by PDCCH. So, the main motivation to support PDCCH repetition with multi-beam/-TRP would be to improve the reliability of DL DCIs for PDSCH scheduling to the level comparable to that of PDSCH, e.g., up to .
Existing designs on PDCCH repetition for PDSCH scheduling in LTE are good starting points for Rel-17 enhancements. Two designs can be considered, each depicted in Figure 1: 1) PDCCH repetition in Rel-13 LTE eMTC, and 2) PDCCH repetition in Rel-15 LTE HRLLC. For PDCCH repetition in eMTC, DCI contents across all the repeated PDCCHs are the same including the number of repeated PDSCHs so that the UE can perform soft-combining across the repeated PDCCHs for better reliability. The downside of PDCCH repetition in eMTC lies in its high latency because PDSCH can be scheduled only on the slots after PDCCH repetition ends.
For PDCCH repetition in HRLLC, DCI contents across the repeated PDCCHs can be different. For example, when both PDCCHs and PDSCHs are repeated four times, the first PDCCH repetition is to schedule the four repeated PDSCHs, say PDSCH#1-#4. The second PDCCH repetition may be to schedule three repeated PDSCHs, PDSCH#2-#4, and so on. Since the DCI contents across the repeated PDCCHs can be different, soft-combining across repetitions is not possible at the UE side. However, PDCCH repetition by HRLLC incurs lower latency compared to eMTC since the repeated PDCCH can be placed in the same slot as the scheduled PDSCH.
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Figure 1. Two types of PDCCH repetitions in LTE.

The aforementioned PDCCH repetition schemes are targeted for single-TRP. To decide whether to extend each scheme for multi-TRP in Rel-17, we need to quantify their gains first. We conduct preliminary simulations to observe BLER performance of PDCCH repetition from two TRPs with two receiver types. The first one is the soft-combining receiver standing for e-MTC type repetition. The second one is the selection type receiver standing for HRLLC type repetition. For fair performance comparison, the following two schemes are the baselines: 1) Rel-15 PDCCH with 2x aggregation level, and 2) Spec-transparent SFN from multi-TRP in FR1[footnoteRef:1]. Detailed simulation assumptions are provided at Table 1 in the Appendix. [1:  For FR2 evaluation, SFN is not considered as a baseline scheme.] 
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Figure 2. BLER performance of PDCCH with 40 + 24 bits of DCI size in FR1 (a) and FR2 (b).

Figure 2a demonstrates that multi-TRP based repetition with soft combining achieves better performance than Rel-15 PDCCH (2x aggregation level) in FR1. It is observed that both multi-TRP based repetition with soft combining and selection outperform the spec-transparent SFN in BLER . Figure 2b shows that multi-TRP based repetition, both with soft combining and selection, achieves better performance than Rel-15 PDCCH (2x aggregation) in FR2. Considering their own benefits of soft combining and selection, e.g., better reliability by soft combining and lower latency by selection, it needs to support both types for multi-TRP based PDCCH repetition.
Observation 1. Both soft combining and selection based multi-TRP repetition can increase the reliability of PDCCH in FR2.
Proposal 1. Support both soft-combining and selection based multi-TRP repetition in Rel-17.

Rel-16 supports single-DCI and multi-DCI frameworks for multi-TRP operation, while URLLC related enhancements for PDSCH were done for single-DCI framework only. Since the primary purpose of multi-TRP based PDCCH repetition is to improve reliability of PDCCH (targeting reliability comparable to PDSCH), the work should be done based on single-DCI framework. For multi-DCI framework, we can design PDCCH repetition simultaneously with PDSCH repetition with second priority.
Proposal 2. Support multi-TRP based PDCCH repetition based on single-DCI framework.
Proposal 3. Consider multi-TRP based PDCCH repetition for multi-DCI framework as a second priority.

There are three possible manners to configure resources for PDCCH repetition: TDMed, FDMed, and SDMed repetition. Since TDMed repetition is used in LTE (eMTC and HRLLC) and incurs the least UE complexity, TDMed repetition can be used as a baseline. As to FDMed and SDMed repetition, we need to carefully evaluate its benefit over TDMed repetition since they result in additional UE complexity for receiving multiple Rx beams simultaneously, as well as more specification impact to support multiple DMRS ports.
Proposal 4. Support TDM based PDCCH repetition as a starting point.

In order to enable TDM-based PDCCH repetition, we can consider two methods: 1) PDCCH repetition across multiple CORESETs; 2) PDCCH repetition in a single CORESET. In Rel-16, multiple CORESETs are configured for various purposes, e.g., CSS and USS are configured with different CORESETs, and frequency resources requiring different precoding granularity are configured with different CORESETs, and so on. Considering the tight limitation on the number of CORESETs (up to 3 per BWP in single DCI framework) using multiple CORESETs for repetition would greatly restrict the configuration flexibility of PDCCH resources in NW side. Besides, since Rel-15/16 already supports multi-beam based PDCCH repetition in a single CORESET for paging purpose, it is desirable to have consistent design for other purposes as well.
Proposal 5. For TDM-based PDCCH repetition for multi-TRP, support repeated PDCCHs to be configured within a single CORESET.

PUCCH/PUSCH enhancements
In the current specification, PUCCH/PUSCH repetition is only supported based on a single-TRP which can be a bottleneck for the reliability of whole system when multi-TRP based PDSCH repetition is adopted. Especially in FR2, when a link between a UE and a TRP is affected by blockage, the PUCCH/PUSCH repetition based on single-TRP would not be reliable anymore. However, when repetitive transmissions are performed across multiple links between a UE and multiple TRPs, such repetition can be more reliable due to macro diversity especially when the blockage exists. Hence multi-TRP based PUCCH/PUSCH repetition should be adopted. Since multi-TRP based PDSCH repetition is based on the single-DCI framework, multi-TRP based PUCCH/PUSCH repetition can also start from single-DCI based framework.
Proposal 6. Support multi-TRP based PUCCH/PUSCH repetition by using single-DCI based framework as a starting point.
In Rel-15/16 PUCCH/PUSCH repetition for single-TRP, the number of allocated RBs is the same across the whole repetitions. However, in multi-TRP scenario, the same RB allocation isn’t efficient since distances between a UE and different TRPs usually vary. The longer (shorter) the distance between a UE and a TRP is, the larger (smaller) pathloss the UE would experience and need to compensate by allocating smaller (larger) number of RBs for it. Hence, studying flexible resource allocation per TRP is desired as well as utilizing different parameters, e.g., pathloss, power control, beam/QCL related information, per TRP for PUCCH/PUSCH repetition.
Based on the above understanding, the following two options can be taken into account to support multi-TRP based PUCCH repetition.
Opt.1) Multi-TRP based PUCCH repetition with single PUCCH resource: 
When a UE repeatedly transmits the same PUCCH to multiple TRPs, in receiver perspective, the gNB can perform soft combining for all received signals of multi-TRP. However, for the transmitter perspective, the same resource allocation should be utilized across PUCCH repetition and it could be inefficient when the path-loss difference between TRPs is large.
Opt.2) Multi-TRP based PUCCH repetition with multiple PUCCH resources:
Flexible resource allocation across PUCCH repetition is enabled by using multiple PUCCH resources where different PUCCH resources are transmitted to different TRPs. However, since the soft combining between different PUCCHs is generally not allowed, the receiver would independently decode repeated PUCCHs, i.e., selection based decoding.
Figure 3 shows the BLER performance of soft combining based receiver vs. selection based receiver in FR2. The detailed simulation parameters are summarized in Table 2. PUCCH format 3 with the same resource allocation across repetition is considered, and the number of PUCCH repetition is set to 2 for all the results. It is observed that for both low (10%) or high (80%) blockage probability, both multi-TRP repetition with soft combining and selection outperform the single-TRP repetition. Comparing soft combining to selection for multi-TRP repetition, the performance difference is lower than 1 dB for both low or high blockage probability. It implies that Opt.2) with same RB allocation can achieve almost the same performance as Opt.1), which can be further improved by enabling flexible RB allocation.
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Figure 3. BLER performance of PUCCH format 3 at FR2.
Observation 2. In FR2 with blockage, the reliability gain from multi-TRP based PUCCH repetition over single-TRP based PUCCH repetition is substantial.
Observation 3. In FR2, the performance gain from soft combining is marginal in multi-TRP based PUCCH repetition.
Proposal 7. Support the use of multiple PUCCH resources for multi-TRP based PUCCH repetition.

Just as the case of the PUCCH repetition, so a flexible resource allocation can be beneficial for the case of multi-TRP based PUSCH repetition. In order to allocate time/frequency resources flexibly across repetitions under single-DCI based framework, there are two alternatives: Alt.1) reinterpreting TDRA/FDRA fields in DCI, or Alt.2) adding additional resource allocation fields in DCI. However, both alternatives have problems, e.g., Alt.1 causes lower granularity of time/frequency resource allocation rather than that of the existing DCI field and Alt.2 requires an additional DCI overhead and causes degradation of the control channel reliability. A better way is to adopt the multi-DCI based framework for multi-TRP based PUSCH repetition.
Proposal 8. Support multi-DCI based multi-TRP PUSCH repetition scheme for flexible resource allocation across repetitions.

Conclusion
In this contribution, the following observations and proposals are given: 
Observation 1. Both soft combining and selection based multi-TRP repetition can increase the reliability of PDCCH in FR2.
Observation 2. In FR2 with blockage, the reliability gain from multi-TRP based PUCCH repetition over single-TRP based PUCCH repetition is substantial.
Observation 3. In FR2, the performance gain from soft combining is marginal in multi-TRP based PUCCH repetition.
Proposal 1. Support both soft-combining and selection based multi-TRP repetition in Rel-17.
Proposal 2. Support multi-TRP based PDCCH repetition based on single-DCI framework.
Proposal 3. Consider multi-TRP based PDCCH repetition for multi-DCI framework as a second priority.
Proposal 4. Support TDM based PDCCH repetition as a starting point.
Proposal 5. For TDM-based PDCCH repetition for multi-TRP, support repeated PDCCHs to be configured within a single CORESET.
Proposal 6. Support multi-TRP based PUCCH/PUSCH repetition by using single-DCI based framework as a starting point.
Proposal 7. Support the use of multiple PUCCH resources for multi-TRP based PUCCH repetition.
Proposal 8. Support multi-DCI based multi-TRP PUSCH repetition scheme for flexible resource allocation across repetitions.
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Appendix
[bookmark: _Ref528831614]Table 1. Detailed evaluation assumptions for PDCCH
	Parameter
	Value (FR1)
	Value (FR2)

	Carrier Frequency
	4 GHz
	30 GHz

	Sub-carrier Spacing
	15 kHz
	120 kHz

	PDCCH Config.
	Aggregation Level
	4 (M-TRP), 8 (S-TRP)

	
	DCI Size
	40 + 24 bits

	CORESET Config.
	Time-domain duration
	2 OFDM symbols

	
	CORESET Bandwidth
	20 MHz
	100 MHz

	
	CCE-to-REG mapping
	Interleaved

	
	Interleaver Size
	R = 2

	
	REG-bundle size
	L = 6

	Transmission Diversity Scheme
	1-port Precoder Cycling

	Channel Config.
	Model
	TDL-B
	CDL-A (Mean Angle: TR38.802)

	
	Blockage
	-
	10 dB power offset with 10% probability per TRP

	
	DS
	100 ns
	30 ns

	
	UE speed
	3 km/h

	gNB Antenna Config.
	2Tx
	[M,N,P,Mg,Ng]=[4,8,2,1,1], (dV,dH) = (0.5, 0.5)λ.

	gNB Orientation
	-
	Mech. tilt = 20 degree

	Port mapping
	-
	TXRU virtualization defined in TR36.897.

	UE Antenna Config.
	2Rx
	[M,N,P,Mg,Ng]=[2,4,2,1,1], (dV,dH) = (0.5, 0.5)λ.

	UE Orientation
	-
	

	gNB Antenna Pattern
	-
	Table A.2.1-6 in TR 38.802

	UE Antenna Pattern
	-
	Table A.2.1-8 in TR 38.802

	Beamforming
	-
	DFT beam pointing to the strongest cluster

	Channel Estimation
	Practical (MMSE)



Table 2. Evaluation assumptions for PUCCH
	Parameters
	Values

	Carrier frequency / SCS
	30 GHz / 120 kHz

	Bandwidth
	100 MHz

	PUCCH format
	Format 3

	# of OFDM symbols
	4 symbols

	# of RBs
	1 RB

	[bookmark: _GoBack]UCI size
	20 + 11 bits

	Frequency hopping
	Not applied

	Channel model
	CDL-A

	RMS delay spread
	30 ns

	UE speed
	3 km/h

	gNB antenna configuration
	2Rx, [M,N,P,Mg,Ng]=[4,8,2,1,1]

	gNB antenna pattern
	38.802 Table A.2.1-6

	gNB orientation
	Mech. Tilt = 20 degree

	UE antenna configuration
	2Tx, [M,N,P,Mg,Ng]=[2,4,2,1,1]

	UE antenna pattern
	38.802 Table A.2.1-8

	UE orientation
	

	Port mapping
	(2D) 1 TXRU per panel per pole

	Channel estimation
	Practical (MMSE)

	Blockage
	10 dB power offset with probability p = {0.1, 0.8}

	# of repetitions
	2 

	Schemes
	Inter-slot TDM

	# of TRPs
	1 (sTRP), 2 (mTRP)
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