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Introduction
In RP-193133, the following objectives of multi-TRP reliability enhancement has been agreed.
	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




In this contribution, we provide some discussion on PDCCH/PUSCH/PUCCH reliability enhancement.
PDCCH reliability enhancement
In Rel-16, PDSCH reliability enhancement has been specified, where the PDSCH can be transmitted repeatedly by different beams, and the PDSCH repetitions can be multiplexed in FDM/TDM manner. For PDSCH reliability enhancement, there can be two general options:
· Option 1: One DCI is carried by multiple PDCCH repetitions with different beams
· Option 2: One DCI is carried by one PDCCH transmission occasion, where different beams can be applied to different time/frequency resources, e.g. different symbol or different REG bundles
Figure 1 illustrates some link level simulation results for the options, where the following cases are evaluated
· Baseline: Network sends the PDCCH from each TRP in turns, i.e. PDCCH is from the first TRP in odd slot and from the second TRP in even slot.
· Opt-1: Network sends PDCCH from two TRPs, where different REG-bundles are from different TRPs with interlaced structure.
· Opt-2: Network sends 2 PDCCH repetitions from two TRPs, and UE performs individual detection. 
· Opt-3: Network sends 2 PDCCH repetitions from two TRPs, and UE performs joint detection with soft combining
In the simulation, we assume the pathloss from two TRPs are the same, but the second TRP is always blocked with -7dB loss. In order to compare the performance with the same overhead, for baseline and Opt-1, 8 CCEs are allocated, and for Opt-2 and Opt-3, 4 CCEs are allocated for each repetition. Detail simulation assumption is shown in Table A-1 in appendix.
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Figure 1: Link Level Simulation Results for PDCCH
It can be observed that about 7dB performance gain can be achieved with the options we provided. Thus, all options could help to increase the robustness and reliability. The performance for each option is closed. However, PDCCH is different from PDSCH, where blind detection should be performed. Given there are N PDCCH candidates, the maximum number of blind detections for the 3 options are shown in Table 1.
Table 1: Maximum number of blind detections
	Options 
	Maximum number of blind detections

	Baseline
	N

	Opt-1
	N

	Opt-2
	2N

	Opt-3
	N*N



Therefore, compared to PDCCH repetitions, REG-bundle level beam cycling is preferred to improve the PDCCH performance.
Proposal 2-1: Compared to multiple PDCCH repetitions, the scheme to apply different TCI states for different REG-bundle is preferred for PDCCH reliability enhancement.
A second issue is the number of TCI states to be applied to a PDCCH. In Rel-16, up to 2 TCI states can be applied to PDSCH in multi-TRP operation. It is reasonable to keep the consistent design for PDCCH as well. Thus, for PDCCH reliability enhancement, one DCI can be transmitted from up to 2 TCI states.
Proposal 2-2: For PDCCH reliability enhancement, one DCI can be transmitted from up to 2 TCI states.
A third issue is how to indicate the TCI states for a PDCCH transmission. In Rel-15/Rel-16, the TCI indication is performed per CORESET level, where gNB can configure a list of TCI state for each CORESET by RRC and use MAC CE to down-select one TCI. Thus, a simple way is to extend this framework by indicating up to 2 TCI states by MAC CE for a CORESET.
Proposal 2-3: Support MAC CE to indicate up to 2 TCI states for a CORESET.
PUCCH reliability enhancement
To improve PUCCH reliability, one possible way is to transmit PUCCH repeatedly with different beams. Each repetition can be multiplexed in FDM/SDM/TDM manner, similar to PDSCH schemes in Rel-16. However, since simultaneous multi-panel transmission, which also increase the UE complexity a lot, is out of Rel-17 scope, only TDMed based scheme can be considered. 
Proposal 3-1: For PUCCH reliability enhancement, only TDMed based PUCCH repetition multiplexing could be considered.
The second issue is how many beams should be indicated for the PUCCH repetitions. Similar to PDSCH, up to 2 spatial relations should be enough for PUCCH reliability enhancement.
Proposal 3-2: Support to transmit UCI over PUCCH by indicating up to 2 spatial relation.
With regard to the control signaling for PUCCH reliability enhancement, there can be the following options:
· Option 1: More than 1 spatial relation can be indicated for a PUCCH resource with number of repetitions configured
· Option 2: UCI can be transmitted by more than 1 PUCCH resources in non-orthogonal symbols
Both options should provide similar performance. However, by option 2, the PUCCH resources may be transmitted in different RBs, where some performance gain from frequency hopping may be obtained. Therefore, compared to option 1, option 2 is slightly preferred.
Proposal 3-3: Compared to indicate 2 spatial relation for a PUCCH resource, it is slightly preferred to indicate 2 PUCCH resources in non-orthogonal symbols for a UCI transmission.

PUSCH reliability enhancement
Similar to PUCCH, with regard to UE implementation complexity, for PUSCH reliability enhancement, only TDMed based multiplexing should be considered. 
Proposal 4-1: For PUSCH reliability enhancement, only TDMed based multiplexing should be considered.
Current spec supports dynamic-grant based PUSCH (DG-PUSCH), configured-grant based PUSCH (CG-PUSCH) and Msg3/MsgA PUSCH based on 4-step/2-step RACH operation. Further two transmission schemes are supported: codebook based transmission scheme and non-codebook based transmission scheme. According to our understanding, all types of PUSCH are equally important, and both transmission schemes should be supported for reliability enhancement.
Proposal 4-2: PUSCH reliability enhancement should support the enhancement of DG-PUSCH, CG-PUSCH and Msg3/MsgA PUSCH.
Proposal 4-3: PUSCH reliability enhancement should support enhancement for both codebook based transmission scheme and non-codebook based transmission scheme.
Different from PUCCH and PDCCH, PUSCH supports multi-port transmission. So gNB should not only indicate SRI but also indicate the TRI/TPMI. The reliability can be improved by transmitting PUSCH repeatedly from different analog beams and/or digital precoders. Similar to PDSCH, the starting point could be up to 2 beams/precoders for PUSCH reliability enhancement.
Figure 2 illustrates some link level simulation results for PUSCH transmission. The simulation is based on non-codebook based transmission scheme with 2x2 MIMO as well as 2 PUSCH repetitions. The pathloss for between UE and two TRPs are assumed to be the same without any blockage. The detail simulation assumption is illustrated in Table A-2. It can be observed that precoder cycling can provide up to 3 dB performance gain. Therefore, the control signaling enhancement to support multiple beam/precoder indication should be necessary, where 2 beams could be the starting point.
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Figure 2: PUSCH Link Level Simulation Results
Proposal 4-4: The starting point should consider up to 2 beams/precoders indicated for PUSCH repetitions.
To support beams/precoders cycling, one possible way is to indicate 2 SRIs/TPMIs and 1 TRI by a single DCI. Another possible way is to use multi-DCI based operation. However, for multi-DCI based operation, multiple elements in the DCI should be the same, which could be with a larger overhead. Thus, compared to use multi-DCI operation, to utilize a single DCI operation with 2 SRIs/TPMIs indication could be preferred.
Proposal 4-5: To improve the PUSCH reliability, support gNB to indicate 2 SRIs/TPMIs based on single-DCI operation.
Conclusion
In this contribution, we discussed multi-TRP reliability enhancement. Based on the discussion, the following proposals have been achieved.
PDCCH
Proposal 2-1: Compared to multiple PDCCH repetitions, the scheme to apply different TCI states for different REG-bundle is preferred for PDCCH reliability enhancement.
Proposal 2-2: For PDCCH reliability enhancement, one DCI can be transmitted from up to 2 TCI states.
Proposal 2-3: Support MAC CE to indicate up to 2 TCI states for a CORESET.
PUCCH
Proposal 3-1: For PUCCH reliability enhancement, only TDMed based PUCCH repetition multiplexing could be considered.
Proposal 3-2: Support to transmit UCI over PUCCH by indicating up to 2 spatial relation.
Proposal 3-3: Compared to indicate 2 spatial relation for a PUCCH resource, it is slightly preferred to indicate 2 PUCCH resources in non-orthogonal symbols for a UCI transmission.
PUSCH
Proposal 4-1: For PUSCH reliability enhancement, only TDMed based multiplexing should be considered.
Proposal 4-2: PUSCH reliability enhancement should support the enhancement of DG-PUSCH, CG-PUSCH and Msg3/MsgA PUSCH.
Proposal 4-3: PUSCH reliability enhancement should support enhancement for both codebook based transmission scheme and non-codebook based transmission scheme.
Proposal 4-4: The starting point should consider up to 2 beams/precoders indicated for PUSCH repetitions.
Proposal 4-5: To improve the PUSCH reliability, support gNB to indicate 2 SRIs/TPMIs based on single-DCI operation.

Appendix
Table A-1: PDCCH Link Level Simulation Assumption
	Parameters
	Values

	Channel model
	TDL-C30-100 1x2

	AL
	8 for baseline and opt-1, 4 for opt-2 and opt-3

	# of RBs/symbols
	48 RBs, 1 symbol 

	Number of TRSs
	2

	DCI payload
	40+24(CRC)=64

	CCE-to-REG mapping
	non-interleaved

	REG bundling size
	6

	Precoding assumptions
	Precoding cycling, precoder granularity=REG bundle

	Pathloss difference between 2 TRPs
	0 dB

	blockage
	-7dB loss for TRP #2

	Repetition schemes
	TDM/FDM as baseline /SDM

	Receiver assumption 
	MMSE



Table A-2: PUSCH Link Level Simulation Assumption
	Parameters
	Values

	Channel model
	TDL-C30-100 2x2

	# of RBs/symbols
	6 RBs, 12 symbols 

	DMRS pattern
	DM-RS configuration type 1 with 1 front-loaded DMRS and 1 additional DMRS

	# of layers
	1

	Code rates
	MCS 4

	Frequency hopping
	Without hopping

	UL transmission scheme
	Non-codebook based with perfect precoder calculation.
For precoder cycling, the precoder is calculated per TRP; for fixed precoder, a fixed precoder is used for both TRPs

	Redundancy Version
	[0, 2]

	Number of repetitions
	2

	Repetition schemes
	TDM

	Receiver assumption
	MMSE

	Pathloss different between 2 TRPs
	0 dB

	blockage
	None
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