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1	Introduction
The WID [1] objective 2a states:
2. 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 

This contribution addresses the issue of these robustness enhancements by the use of multi-TRP.
[bookmark: _Ref178064866]2	Discussion
The main motivation of using multiple TRPs is to achieve diversity. In FR1, diversity is utilized to prevent outages due to mainly fast fading. In FR2, channel blocking of the narrow beam between a TRP and UE is typically the issue addressed with the introduction of diversity, in order to maintain a continuous link. This is highly important for high reliability services such as controlling a manufacturing robot in a factory.   Enhancements introduced in Rel-17 should be compatible with the Multi-TRP PDSCH schemes and PUSCH repetition schemes specified in Rel-16.
It is also desirable to have a single scheme for m-TRP robustness for PDCCH, PUCCH and PUSCH respectively that perform well in both FR1 and FR2. 
2.1 Evaluation methodology
During summer, an email discussion on evaluation methodology (EVM) was concluded. There were two proposals from the Rapporteur in the final version of the email discussion. We propose to endorse these EVM assumption.
[bookmark: _Toc47723632]Endorse the EVM assumptions in Section 4 of the final version of document “Rel.17 NR FeMIMO: Phase 2 EVM discussion – Item 2a” 
2.2 PDDCH transmissions from multiple TRPs
For PDCCH, the possibility to have DCI repetition over different TRPs is desired at least in FR2 due to the channel blocking issue.  A given DCI is repeatedly transmitted from different TRPs (or in specification language, using reception with different TCI states), at least supporting TDM manner as the UE may only be able to receive a single repetition at a time (due to Rx beam switching). The probability that at least one PDCCH is decoded successfully increases. This is denoted a multi-PDCCH approach.  
Another option is to divide a single PDCCH into multiple resource sets (e.g. by using a split of the CCEs or REG bundles), where resource sets are transmitted from different TRPs, i.e. resource sets have different TCI states. This is denoted a single-PDCCH approach. The benefit is receiver simplicity as a single PDCCH is received for a given DCI message.
Moreover, one can distinguish the single-CORESET and multi-CORESET approaches to introduce the multi-TRP DCI robustness. See an overview of the possibilities in Table 1. 

	DCI repetition cases
	Single-CORESET (with two TCI states)
	Multi-CORESETs (with one TCI state each)

	Single-PDCCH transmitted
	· Each CCE or REG associated with one of the TCI states
· FDM reception of multi-TRP transmitted CCE/REG neccessary at the UE
	·  Not considered


	Multi-PDCCH transmitted
	· One or multiple search spaces in the CORESET
· Multiple PDCCH repetitions
· Each PDCCH candidate associated with one of the TCI states
· FDM reception of multi-TRP transmitted PDCCH neccessary at the UE
	· A single search space per CORESET
· TDM or FDM recpetion of repeated PDCCH, depending on  symbol allocations of the CORESETs




[bookmark: _Ref47360259]Table 1 Different possibilities to update the specifications in order convey multiple copies of a DCI to the UE using multi-TRP transmission. 

From network operation point of view, these repetition schemes utilize an increase of PDCCH resources. The need for robustness may be dynamically varying and/or depend on the type of traffic (which varies from slot to slot). Hence, it is important that the solution allows for dynamic use of single and multi-TRP transmission of PDCCH, i.e. if Rel.17 PDCCH robustness is configured, it should still be possible to transmit PDCCH from a single TRP to maintain low overhead and minimize PDCCH blocking.
[bookmark: _Toc47723633]Solutions for PDCCH robustness should allow for dynamic switching between single and multi-TRP transmission of a DCI to a given UE. 

Furthermore, one observation with respect to the single-PDCCH case, due to the structure of the Polar code design, PDCCH decoding performance can in this case degrade quickly if half of the PDCCH resources are affected by channel blocking. An example is shown in Figure 1, where the PDCCH performance are compared between
· Single TRP: a single PDCCH with 8 CCEs transmitted over a single TRP 
· REG bundle interleaving:  a single PDCCH with 8 CCEs spitting between two TRPs with 4CCEs each
· PDCCH repetition: a PDCCH with 4CCEs is repeated from two TRPs in a TDM fashion, either with or without soft combining

A 20dB channel blocking is applied to each TRP with 10% probability and it is assumed that only one TRP can be blocked at a time.  Other simulation assumptions can be found in the Appendix.  It can be seen from  Figure 1 that with large channel blocking, the performance of a single PDCCH with REG bundle interleaving over two TRPs is quite poor compared to PDCCH repetition, either with or without soft combining. 
Also, with large blocking PDCCH repetition without soft combining is very close to and sometimes outperforms PDCCH repetition with soft combining. 
PDCCH repetition over 2 TRPs significantly outperforms REG bundle based interleaving over two TRPs under channel blocking.
Soft combining does not bring extra performance gain over no combining under channel blocking.

In addition, the path losses between the TRPs and the UE is seldom equal, and this should be considered in the analysis of proposals as well to ensure the solution can handle such path loss differences.

[bookmark: _Ref40361287]Figure 1: PDCCH performance with different multi-TRP schemes under channel blocking under indoor hot-spot scenario at 30GHz.
From the family of multi-PDCCH solutions we thus have a preference:
[bookmark: _Toc47723634]Consider PDCCH enhancement for link robustness with DCI repetition using multi-PDCCH, from different TRPs/different TCI states.
A discussion point with the multi-PDCCH approach is soft combining. From Figure 1, we can see that under large channel blocking, soft combining doesn’t provide extra performance gain over no combining. Soft combining can provide some gain only if there is no or very shallow channel blocking, which occurs mostly  in FR1.  As shown in Rel-16 URLLC study, PDCCH robustness is not an issue without blocking, the main use case for PDCCH enhancement with multi-TRP is mainly to improve PDCCH performance under blocking in  FR2. Therefore, soft combining is not important here.    . 

[bookmark: _Toc47723635]Soft combining is not required for PDCCH repetition. 
Note however that UE may still perform soft combining of multiple DCI receptions, if the UE knows the  received using the same set of coded bits. The network may not need to know whether the UE performs soft combining. 
With regard to single CORESET or multiple CORESETs, it is more related to FDM or TDM PDCCH between two TRPs. In case of single CORESET and if REG bundle or CCE based is used to partition PDCCH resources between two TRPs, FDM of PDCCHs must be supported and the UE is required to receive from two TRPs simultaneously, which is not always supported by a UE. More spec changes are required if REG level partition is used. 
Therefore, if TDM is required to be used between TRPs (as in FR2), then multiple CORESET is neccessary. 
[bookmark: _Toc47723636]Support multiple CORESETs with one TCI state per CORESET (as in Rel.15) where the same PDCCH is transmitted multiple times, once per CORESET. 
2.3 Multiple PUSCH transmissions for multi-TRP reception
2.3.1 PUSCH repetition schemes
For PUSCH Multi-TRP enhancements, one aspect that first needs to be decided is what type of PUSCH repetition schemes to enhance for Multi-TRP.  A natural starting point is to introduce Multi-TRP support for PUSCH repetition types A and B as these repetition schemes are supported in NR Rel-16. In these schemes, PUSCH is repeated in time-domain hence making these schemes suitable for UEs that can transmit on a single panel at a time.  Although PDSCH repetition schemes based on frequency division multiplexing (FDM) are possible, these FDM based schemes require simultaneous transmission with multiple UE panels in FR2.  We think PDSCH repetition schemes based on FDM can be deprioritized in Rel-17 feMIMO work item and may be considered in future releases.
[bookmark: _Toc47723637]Consider PUSCH multi-TRP enhancements for PUSCH repetition types A and B; PUSCH multi-TRP enhancements relying on simultaneous transmission are deprioritized in Rel-17 feMIMO.

2.3.2 Dynamic switching between Single-TRP and Multi-TRP based PUSCH transmission
In some scenarios, the UE may be served with different types of traffic (i.e., URLLC traffic vs eMBB traffic).  In these scenarios, it may be beneficial to support dynamic switching between multi-TRP based PUSCH transmission and single-TRP based PUSCH transmission.  A similar principle was also used in NR Rel-16 where dynamic switching between multi-TRP based PDSCH reception and single-TRP based PDSCH reception is supported.
In current NR, for single-TRP based PUSCH transmission, a single spatial relation associated with the single SRS resource is used for PUSCH DMRS across all the PUSCH repetitions.  However, for multi-TRP based PUSCH transmission, multiple spatial relations associated with a SRS resource may need to be used for PUSCH DMRS such that PUSCH transmissions are alternated targeting different TRPs across different repetitions.

[bookmark: _Toc47723638]Dynamic switching between single-TRP based PUSCH and multi-TRP based PUSCH should be considered as part of PUSCH multi-TRP enhancements. 

2.3.3 Codebook based vs non-codebook based PUSCH
Existing NR rel-15/16 codebook based PUSCH is suitable for single TRP based transmission where the PUSCH transmission is targeted towards a single TRP.  That is, the PUSCH DMRS is spatially related to the latest SRS transmission in the SRS resource indicated by the single SRI (if the SRS resource set contains more than one SRS resource).  When a number of PUSCH repetitions are either configured (e.g., via pusch- AggregationFactor for dynamically scheduled PUSCH or via repK for PUSCH with UL configured grant) or dynamically indicated (e.g., as part of TDRA), the same spatial relation for PUSCH DMRS is assumed for all the PUSCH repetitions.  Since this same spatial relation targets a single TRP, it unsuitable for multiple TRP reception where better reliability can be achieved via spatial diversity.  Hence, how to indicate different spatial relations for PUSCH repetitions targeting different TRPs need to be considered in PUSCH multi-TRP enhancements.
NR supports only one SRS resource set for non-codebook based PUSCH and only one associated NZP CSI-RS which the UE uses to calculate the precoder used for the transmission of SRS(s).  This is suitable for non-codebook based PUSCH transmission towards a single TRP or single RX beam at the network side.  However, use of a single associated NZP CSI-RS to derive the precoders used for the transmission of SRS(s) is not suitable for multi-TRP PUSCH.  Hence, how to support multiple associated NZP CSI-RSs (one per TRP) to derive the precoders used for the transmission of SRS(s) targeted towards different TRPs needs to be further discussed in NR Rel-17. 

[bookmark: _Toc47723639]Consider PUSCH Multi-TRP enhancements for both codebook based and non-codebook based PUSCH in NR Rel-17. 

2.3.4 Spatial relation based framework vs Unified TCI state based framework
In NR Rel-15/16, the spatial transmission properties for PUSCH are given by the spatial transmission properties associated with the SRS(s) configured in a SRS resource set with usage of ‘Codebook’ or ‘non-Codebook’.  In NR Rel-17 feMIMO WI, one of the objectives is to introduce a TCI state for UL or a unified TCI state for both UL and DL.  Hence, a natural question is whether PUSCH multi-TRP enhancements should be based on the existing spatial relation framework or the unified TCI state framework.  Since the design details of the unified TCI state framework may take some time to settle in the multi-beam discussions, it is reasonable to start Rel-17 PUSCH multi-TRP enhancement discussions based on the Rel-15/16 spatial relation framework.  However, when the design details of unified TCI state framework are stabilized in multi-beam discussions, the Rel-17 PUSCH multi-TRP enhancements can be extended to the unified TCI state framework.  
For PUSCH multi-TRP enhancements, the Rel-15/16 spatial relation based framework can be first considered; the PUSCH multi-TRP enhancements can be extended to cover the unified TCI state framework once the Rel-17 design of unified TCI state framework is stable.

2.3.5 Power Control
Since the channels to different TRPs from a UE are generally different, different closed loops are needed for different TRPs for UL power control. Each TRP may also have different beams for reception, thus more than one closed loop may be needed for each TRP.  Hence, this aspect needs to be taken into account during Rel-17 PUSCH multi-TRP enhancements.  Specifically, how to differentiate close loops among TRPs and how to indicate multiple TPC commands targeting different TRPs are issues that need to be considered.

[bookmark: _Toc47723640]For PUSCH multi-TRP enhancements, different power control close loops for different TRPs are to be considered in NR Rel-17. 


2.3.6 Evaluation Results
We have done some preliminary simulations on possible PUSCH performance improvement with two TRPs at 30GHz with 10dB channel blocking. Other simulation assumptions can be found in the appendix. The results are shown in  Figure 2, where results for MCS= 6 and MCS=10 are shown. It can be seen that for both MCS, a large performance gain can be observed. 

[bookmark: _Ref47619453]Figure 2: PUSCH performance improvement with PUSCH repetition over two TRPs under indoor hot-spot scenario at 30GHz
2.4 Multiple PUCCH transmission for Multi-TRP reception

2.4.1 Dynamic switching between Single-TRP and Multi-TRP based PUCCH transmission
Similar to the case in PUSCH, the UE may be served with different types of traffic (i.e., URLLC traffic vs eMBB traffic).  Hence, it may be beneficial to support dynamic switching between multi-TRP based PUCCH transmission and single-TRP based PUCCH transmission.

[bookmark: _Toc47723641]Dynamic switching between single-TRP based PUCCH and multi-TRP based PUCCH should be considered as part of PUCCH multi-TRP enhancements depending. 

2.4.2 Multiple spatial relations
In current NR, for single-TRP based PUCCH transmission, a single spatial relation associated with the single PUCCH resource is used across all the PUCCH repetitions.  However, for multi-TRP based PUCCH transmission, multiple spatial relations may need to be associated with a PUCCH resource (assuming PUCCH repetition is done using the same PUCCH resource) such that when the PUCCH resource is chosen by the ‘PUCCH Resource Indicator’ field in DCI, the PUCCH transmissions are alternated targeting different TRPs across different repetitions.  Hence, how to activate/associate multiple spatial relations with a PUCCH resource needs to be further considered in NR Rel-17 feMIMO WI.

[bookmark: _Toc47723642]For PUCCH multi-TRP enhancements, how to activate/associate multiple spatial relations for a PUCCH resource needs to be considered in NR Rel-17 feMIMO WI. 

2.4.3 On number of PUCCH repetitions
In NR Rel-15, the number of slot-based PUCCH repetitions is configured by higher layers for each PUCCH format. Considering mixed traffic types for a UE and different traffic types may have different reliability and latency requirements, different number of repetitions (either slot-based or sub-slot based) may be needed for PUCCH associated with different traffic types and/or UCI types (e..g., HARQ ACK, SR, CSI).  Hence, how to configure/indicate multiple number of PUCCH repetitions for PUCCH needs to be further discussed/considered in NR Rel-17 feMIMO WI. 

[bookmark: _Toc47723643]For PUCCH multi-TRP enhancements, how to configure/indicate the number of repetitions for PUCCH needs to be further discussed/considered in NR Rel-17 feMIMO WI. 


2.4.4 Power Control
Similar to the case in PUSCH, different closed loops are needed for different TRPs for UL power control in the case of PUCCH.  This is because each TRP may have different beams for PUCCH reception, thus more than one closed loop may be needed for each TRP.  Hence, this aspect needs to be taken into account during Rel-17 PUCCH multi-TRP enhancements.  Specifically, how to differentiate close loops among TRPs and how to indicate multiple TPC commands targeting different TRPs are issues that need to be considered.

[bookmark: _Toc47723644]For PUCCH multi-TRP enhancements, consider power control enhancements related to different close loops and associated TPC commands targeting different TRPs. 

2.4.5 Intra-slot PUCCH repetition
In addition to PUCCH reliability, low latency is also required for some URLLC applications. Although PUCCH reliability for PUCCH formats 1, 3 and 4 can be increased with inter-slot repetition targeting multiple TRPs, it also introduces extra delays. Hence, a balance between PUCCH reliability and PUCCH reception latency is needed.  One way of achieving this balance is to consider intra-slot repetitions over different TRPs for PUCCH formats 1, 3 and 4 which can be considered during Rel-17 PUCCH multi-TRP enhancements.

[bookmark: _Toc47723645]For PUCCH multi-TRP enhancements, consider intra-slot PUCCH repetitions for formats 1, 3 and 4 in NR Rel-17 feMIMO WI. 

2.4.6 Evaluation Results

Some preliminary simulations have been done on possible PUCCH performance improvement with two TRPs at 30GHz with 10dB channel blocking. Other simulation assumptions can be found in the appendix. The results are shown in Figure 3, where we have compared intra-slot repetition over two TRP vs. single TRP transmission with two times of the number of symbols without repetition for different PUCCH formats. It can be seen that under channel blocking, repetition over two TRPs performs much better than single TRP for the same total number of symbols. 


[bookmark: _Ref47622622]Figure 3: PUCCH performance improvement with repetition over 2 TRPs under indoor hot-spot scenario at 4GHz. 





3 Conclusion
[bookmark: _GoBack]Based on the discussion in the previous sections we propose the following:
Proposal 1	Endorse the EVM assumptions in Section 4 of the final version of document “Rel.17 NR FeMIMO: Phase 2 EVM discussion – Item 2a”
Proposal 2	Solutions for PDCCH robustness should allow for dynamic switching between single and multi-TRP transmission of a DCI to a given UE.
Proposal 3	Consider PDCCH enhancement for link robustness with DCI repetition using multi-PDCCH, from different TRPs/different TCI states.
Proposal 4	Soft combining is not required for PDCCH repetition.
Proposal 5	Support multiple CORESETs with one TCI state per CORESET (as in Rel.15) where the same PDCCH is transmitted multiple times, once per CORESET.
Proposal 6	Consider PUSCH multi-TRP enhancements for PUSCH repetition types A and B; PUSCH multi-TRP enhancements relying on simultaneous transmission are deprioritized in Rel-17 feMIMO.
Proposal 7	Dynamic switching between single-TRP based PUSCH and multi-TRP based PUSCH should be considered as part of PUSCH multi-TRP enhancements.
Proposal 8	Consider PUSCH Multi-TRP enhancements for both codebook based and non-codebook based PUSCH in NR Rel-17.
Proposal 9	For PUSCH multi-TRP enhancements, different power control close loops for different TRPs are to be considered in NR Rel-17.
Proposal 10	Dynamic switching between single-TRP based PUCCH and multi-TRP based PUCCH should be considered as part of PUCCH multi-TRP enhancements depending.
Proposal 11	For PUCCH multi-TRP enhancements, how to activate/associate multiple spatial relations for a PUCCH resource needs to be considered in NR Rel-17 feMIMO WI.
Proposal 12	For PUCCH multi-TRP enhancements, how to configure/indicate the number of repetitions for PUCCH needs to be further discussed/considered in NR Rel-17 feMIMO WI.
Proposal 13	For PUCCH multi-TRP enhancements, consider power control enhancements related to different close loops and associated TPC commands targeting different TRPs.
Proposal 14	For PUCCH multi-TRP enhancements, consider intra-slot PUCCH repetitions for formats 1, 3 and 4 in NR Rel-17 feMIMO WI.
 

[bookmark: _In-sequence_SDU_delivery]4 References
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5 Appendix. Simulation Assumptions
Appendix A. Simulation Assumptions for PDCCH
	Parameters
	 Values

	Baseline schemes
	Single TRP Rel-15 PDCCH

	mTRP schemes
	REG bundle interleaving over 2 TRPs – 2 coresets (TDM)
PDCCH repetition without soft combining – 2 coreset (TDM)
PDCCH repetition with soft combining – 2 coreset (TDM)

	AL
	8 for single TRP, REG bundle interleaving
4 for PDCCH repetitions

	CCE to REG mapping
	Interleaving
Interleaving size 6

	# symbols for each coreset
	1

	# of RBs for each coreset
	48

	DCI payload
	40+24(CRC)=64

	CCE-to-REG mapping
	Interleaved 

	REG bundling size
	2

	Precoding assumptions
	Random precoder cycling, precoder granularity=REG bundle, R15 UL coherent/partial coherent codebook

	Blocking
	Enabled 

	Blocking dB
	20

	Blocking prob per TRP
	10%

	Power offset between TRPs 
	0 dB

	Channel estimation
	Practical

	Scenarios
	Indoor hot-spot at 30GHz



Appendix B. Simulation Assumptions for PUSCH
	Parameters
	 Values

	Baseline schemes
	Single TRP Rel-15 PUSCH with repetition

	mTRP schemes
	Inter-slot repetition over 2 TRPs

	DMRS type 
	Type 1

	Mux DMRS and data in same symbol
	No

	PUSCH mapping type 
	Type A

	# symbols 
	4

	# of RBs 
	16

	MCS
	6 or 10  

	MCS table 
	Table 2

	RV sequence
	1023

	RV offset for 2nd TRP
	2

	Precoding assumptions
	follow PMI

	Blocking enabled
	yes

	Blocking dB
	10

	Blocking prob per TRP
	10%

	Power offset between TRP
	0dB

	Simultaneous Rx by 2 TRPs
	No

	Soft combining 
	Yes

	Channel estimation
	Practical

	Scenarios
	Indoor hot-spot at 30GHz



Appendix C. Simulation Assumptions for PUCCH
	Parameters
	 Values

	Baseline schemes
	Single TRP Rel-15 PUCCH with repetition

	mTRP schemes
	Intra-slot repetition over 2 TRPs

	PUCCH formats
	Formats 0 to 4

	# symbols 
	Format 0: 2 for single TRP, 1 for mTRP with 2 repetitions
Format 1: 8 for single TRP, 4 for mTRP with 2 repetitions
Format 2: 2  for single TRP, 1 for mTRP with 2 repetitions
Format 4: 14 for single TRP, 7 for mTRP with 2 repetitions

	# of RBs 
	Format 0: 1
Format 1: 1
Format 2: 7
Format 4: 1

	UCI payload
	Format 0: 2
Format 1: 2
Format 2: 8
Format 4: 4

	Precoding assumptions
	PMI based

	Frequency hopping
	On

	Blocking enabled
	yes

	Blocking dB
	10

	Blocking prob per TRP
	10%

	Power offset between TRPs 
	0 dB

	Simultaneous Rx from 2 TRPs
	No

	Channel estimation
	Practical

	Soft combining
	yes

	Scenarios
	Indoor hot-spot at 4GHz
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