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1. Introductions

In RAN1 #95 and RAN1 AH1901 meetings, some progresses were achieved for multi-TRP. In this paper we further elaborate our thoughts on related issues based on previous agreements.
2. eMBB PDSCH Transmission with Multiple PDCCHs
2.1. Number of layers for PDSCH

For the case when there are multiple PDSCHs transmitted simultaneously from multiple TRPs, the number of layers per PDSCH could be limited to 4. The maximal layers across all coordinated TRPs could remain the same as in Rel-15 and upper bounded by UE capability.

In last meeting, the following agreement was achieved.

Agreement
For multi-DCI based multi-TRP/panel transmission, the total number of CWs in scheduled PDSCHs, each of which is scheduled by one PDCCH, is up to X and also the total number of MIMO layers of scheduled PDSCHs is up to reported UE MIMO capability, if resource allocation of PDSCHs are overlapped.

· X=2

· FFS: X=3

The use cases for X=3 are rather limited. 3 TRPs simultaneously transmitting to the same UE is not well justified. For the case when 2 TRP are simultaneously transmitting, scheduling PDSCH with greater than 4 layers from one of the TRPs is not the typical case and may not need to be further optimized. 

Based on above understanding, we have the following proposal.
Proposal 1 The total number of CWs in scheduled PDSCHs across different TRPs is not greater than 2.
2.2. Resource allocation and BWP restriction
In last meeting, there were discussions regarding the resource allocation from different TRPs. The following alternatives are identified for further down-selection.
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, down-select one alternative from following in RAN1 96 

· Alt 1: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs

· Alt 2:  the UE can be only scheduled with full/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs

· Alt 3: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:

· Same DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the DMRS symbol location and DMRS configuration type shall be assumed by the UE for full/partially overlapping PDSCHs. 

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

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

Other restrictions are not excluded, for example BWP switching.
For non-ideal backhaul scenarios, we would like to further point out the following restrictions when independent scheduling from different TRPs are conducted:

· The mapping type should also be restricted: If DMRS from different TRPs need to be coordinated for rate matching, type B resource allocation may not be a good choice. It is not possible to rate match around DMRS REs for time domain partially overlapped PDSCH from different TRPs.

· Dynamic bandwidth part switching restriction: For non-ideal backhaul, different TRPs may not be possible to coordinate the exact timing of dynamic bandwidth part switching. Otherwise, the dynamic bandwidth part switching would be the same as semi-static bandwidth part switching. When dynamic BWP switching is conducted by one TRP, the corresponding signaling needs to be coordinated to another TRP. UE should not respond to the corresponding bandwidth part switching signaling within the time period the TRP is coordinating.

Proposal 2 If partially overlapped PDSCH resource allocation from different TRPs are supported for non-ideal backhaul scenarios, type B resource allocation should also be restricted; 

Proposal 3 For PDSCH scheduling for non-ideal backhaul scenarios, UE does not expect to perform dynamic bandwidth switch triggered by one TRP during a predefined time period after the BWP switch triggered by another TRP.
2.3. TCI indication

Currently, there are three bits in the DCI field to indicate the active TCI states for the PDSCH ransmisison as following.

-
Transmission configuration indication – 0 bit if higher layer parameter tci-PresentInDCI is not enabled; otherwise 3 bits as defined in Subclause 5.1.5 of [6, TS38.214]. 

When there are multiple PDCCHs transmitted from different TRPs, above restriction of total 8 active TCI states would be too restrictive. This results from current MAC CE Activation of TCI state per cell/BWP. The active TCI states used for dynamic PDSCH beam indication could be indicated at CORESET level, which would relieve above restriction of total 8 TCI states for all TRPs.

Proposal 4 Active TCI states for dynamic PDSCH QCL indication should be activated per CORESET, rather than per BWP.  

2.4. Rate matching for PDSCHs transmitted from different TRPs
There were previous discussions regarding the scenarios for multi-PDCCH transmission. There are companies arguing multi-PDCCH transmission may only be limited to non-ideal backhaul scenarios. In our understanding, multi-PDCCH is applicable for both ideal and non-ideal backhaul scenarios, where it is up to the network to schedule with different resource allocations from different TRPs. Single PDCCH scheduling multiple PDSCH would require too much DCI re-design.
Observation 1 Multi-PDCCH based multi-TRP transmission is a necessary solution for both ideal and non-ideal scenarios.

Based on above observation, the transmission from multiple TRPs could be fully overlapped, non-overlapped or partially overlapped in time and frequency domain, which is dependent on network scheduling. With the assumption of all these possible scheduling possibilities, the rate matching issues are raised in previous meeting regarding mutual interference for different PDSCH scheduled from different TRPs. NC-JT is different from MU-MIMO scheduling in the sense that different PDSCHs could still have strong interference for the UE to equalize. Without proper handling of the interference at least for DMRS, UE performance for NC-JT would largely be degraded.

Suppose DMRS #1 PDSCH #1 are from TRP #1 and DMRS #2 and PDSCH #2 are from TRP #2. There are several different ways to handle the interference:
· Opt1: PDSCH #1 is rate matched around DMRS#2 and PDSCH #2 is rate matched around DMRS#1.

· Opt2: PDSCH #1 is punctured around DMRS#2 and PDSCH #2 is punctured around DMRS#1.

· Opt3: PDSCH #1 is rate matched or punctured around DMRS #2 and PDSCH #2.

· Opt4: Only allow fully overlapped transmission from different TRP. In this way, current signaling could be leveraged to reduce interference from each other. 
For Opt1, there are several disadvantages e.g. when UE misses PDCCH #2, the decoding of PDSCH #1 would also fail. Furthermore, Opt1 may also suffer from timeline issues. The early-scheduled PDSCH may not have enough time to accomplish rate matching before the transmission of late-scheduled PDSCH. Complicated timeline may need to be defined for such cases.

For Opt2, the performance at high code rate may not be as good as the rate matching solution.

For Opt3, while this might be a valid solution for some scenarios like URLLC + eMBB multiplexing or URLLC + URLLC multiplexing, it seems that puncturing both DMRS and PDSCH would cause the eMBB + eMBB multiplexing performance rather poor.

For Opt4, current signaling as shown in the following table already has the ability to indicate whether DMRS port in the CDM group has data transmission or not. But Opt4 may only be limited to fully overlapped scenarios and also require the corresponding DMRS configuration to be the same.
Table 7.3.1.2.2-1: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=1

	One Codeword:

Codeword 0 enabled,

Codeword 1 disabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0

	1
	1
	1

	2
	1
	0,1

	3
	2
	0

	4
	2
	1

	5
	2
	2

	6
	2
	3

	7
	2
	0,1

	8
	2
	2,3

	9
	2
	0-2

	10
	2
	0-3

	11
	2
	0,2

	12-15
	Reserved
	Reserved


It seems that at least for eMBB + eMBB multiplexing, puncturing DMRS in the simultaneously transmitted PDSCH from another PDSCH would be a balanced solution. For the URLLC + eMBB multiplexing or URLLC + URLLC multiplexing, the intention of scheduling simultaneously transmitted PDSCH may not be mainly for NC-JT transmission, but for pre-empting latency tolerant services with low latency service.
Proposal 5 It should be supported to puncture from PDSCH the DMRS REs of the other simultaneously transmitted PDSCH in multi-PDCCH transmission for multi-TRP.

Proposal 6 Service dependent puncturing behavior should be supported:

· For eMBB + eMBB multiplexing, only DMRS REs should be punctured;

· For URLLC + eMBB or URLLC + URLLC multiplexing, both PDSCH RE and DMRS REs should be punctured based on service priority.

2.5. Rate matching for PDSCH + other signals from another TRP
There are at least the following signals that are related to rate matching behavior for PDSCH :

· SSB

· SSBs could be transmitted from multiple TRPs. If a TRP could be viewed as a separate point that could well control the corresponding interference, the PDSCH may not need to be rate matched around all the SSBs.

· ZP CSI-RS and NZP CSI-RS

· For aperiodic ZP CSI-RS and aperiodic NZP CSI-RS triggered by DCI, the rate matching behavior would be dependent on timeline if a UE performs the corresponding rate matching. Furthermore, such rate matching may also cause some decoding error if there is missed PDCCH.

· For P/SP ZP CSI-RS, it needs further clarification on whether rate matching is needed or not.

· For P/SP NZP CSI-RS, it is possible that a UE may need to rate match based on what the purpose the CSI-RS is used for. If the CSI-RS is used for L1-RSRP measurement which is like CSI-RS for mobility for cross-link interference measurement scenarios, a UE may not need to rate match around those NZP CSI-RS RE’s.  

· rateMatchPattern
· For periodically configured rateMatchPattern, a UE could perform according to the corresponding rate match pattern.

· For aperiodic rateMachPattern triggered by DCI, similar problem as AP ZP CSI-RS may also happen if they are rate matched.

· PDCCH

· Rate matching another PDCCH would also cause similar problem as rate matching aperiodic signals.
Based on above discussion, we have the following proposals.
Proposal 7 A PDSCH is aperiodically rate matched only around those signals indicated in its own scheduling DCI.  All signals indicated in other DCIs are not rate matched, e.g. aperiodic ZP CSI-RS, aperiodic NZP CSI-RS, aperiodic rateMatchPattern and PDCCH not scheduling the PDSCH.

Proposal 8 Further clarify the PDSCH rate matching behavior of one TRP around the P/SP signals from another TRP, which might include SSB, CSI-RS and rateMatchPattern.

3. PDSCH transmission scheduled by single PDCCH
In previous RAN1 meeting, the following agreement was achieved on TCI indication for multi-TRP transmission scheduled by single PDCCH.
Agreement

TCI indication framework shall be enhanced in Rel-16 at least for eMBB: 

· Each TCI code point in a DCI can correspond to 1 or 2 TCI states 

· When 2 TCI states are activated within a TCI code point, each TCI state corresponds to one CDM group, at least for DMRS type 1 

· FFS design for DMRS type 2

· FFS: TCI field in DCI, and associated MAC-CE signaling impact

Based on previous agreement, each TCI state corresponds to one CDM group at least for DMRS type 1. However, the details on association between TCI states and DMRS CDM groups have not been determined yet. The simplest way could be always mapping the 1st TCI state to the 1st CDM group and the 2nd TCI state to the 2nd CDM group.

For DMRS type 2, similar approach could be adopted. People may argue that there are cases with more than 2 CDM groups. In our understanding, these are mainly for cases with more than 5 layers, which is not the typical case for further performance enhancement. 
Proposal 9: For multi-TRP transmission scheduled by single PDCCH in eMBB scenario, 

· For DMRS type 2, maximum 2 CDM groups are indicated by the antenna port field in DCI.

· For both DMRS type 1 and DMRS type 2, if 2 TCI states are activated within a TCI code point, 

· When 2 CDM groups are indicated by the antenna port field in DCI, the 1st TCI state is always corresponding to the 1st indicated CDM group, and the 2nd TCI state is always corresponding to the 2nd indicated CDM group.

· When only 1 CDM group is indicated by the antenna port field in DCI, the 1st TCI state is always corresponding to the indicated CDM group, and the 2nd TCI state is useless.

For both DMRS type 1 and DMRS type 2 with 2 DMRS symbols, the case of 3 DMRS ports in the 1st CDM group and 1 DMRS ports in the 2nd CDM group should also be supported as depicted in Figure 1, which needs some additional entries in the DMRS table.
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Figure 1: Examples of supporting flexible DMRS port mapping

Proposal 10: Introduce DMRS ports combination (0, 1, 2, 4) and (0, 1, 2, 6) for DMRS type 1 and DMRS type 2 with 2 DMRS symbols respectively.
4. PDSCH transmission for URLLC

Multi-TRP transmission for URLLC is one of the major focuses for the WI. Multi-PDCCH is a useful solution for both ideal and non-ideal backhaul scenarios. Separately transmitted PDCCH from multi-TRP could be used to independently schedule PDSCH with different resource allocation, which would increase the reliability of PDSCH. To schedule the same TB with different PDCCH from different TRPs, the same HARQ process ID could be used in the two PDCCH to indicate to the UE that those two PDSCH could be soft combined. However, there is scheduling restriction that the gNB may not be able to transmit the same TB with the same process before a NACK is received. For URLLC, such restriction would increase the latency and not acceptable for this type of service. 

Based on the indicated PUCCH resources in the scheduling DCI, UE may or may not feedback a combined A/N bit after decoding of the PDSCH. 
Proposal 11: Support transmitting the same TB from two TRPs with the same HARQ process ID with NDI un-toggled.
· For simultaneously received PDSCH, UE could perform soft combination of the two PDSCHs.
· UE may feedback a combined A/N based on the indicated PUCCH resources in the scheduling DCI.

In last meeting, it was agreed to further study the following PDSCH repetition schemes. 
Agreement

For multi-TRP specification support for URLLC, support at least one of following schemes for transmitting the same transport block from multiple TRPs. Study following schemes for further down-selection for one or more schemes in next meetings

· Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation

· Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation

· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation

· Scheme 4 (TDM): n (n<=Nt2) TCI states with K different slots. 

· For further study:

· Details on restriction related to MCS, modulation order for PDSCHs from different TRPs w.r.t. schemes 1 to 4.

· Whether to support mini-slot PDSCH repetitions 

· Signalling mechanism 

· Companies to consider how the schemes apply for FR1 and FR2

· Whether the number of repetitions can be larger than the number of TCI states (n)

· Further clarification for each scheme can be elaborated in RAN1 96 

· Baseline scheme in addition to Rel-15 single-TRP scheme for evaluations

· SFN transmission based on Rel-15 from multi-TRP with single TCI state

· Companies to provide details on assumption on time/frequency synchronization and TRS transmission across TRPs

· Note that supporting multiple schemes in Rel-16 is not excluded.  

· Note that control signalling mechanism for PDSCH reliability/robustness enhancement schemes can be discussed separately.

We did some link level simulations for above schemes. The corresponding simulation results are listed in the following.

[image: image3.emf]-14 -13.5 -13 -12.5 -12 -11.5 -11 -10.5 -10 -9.5 -9

SNR

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

B

L

E

R

MCS2,TBsize=96

SFN

JT

LS

near performance

[image: image4.emf]-9 -8 -7 -6 -5 -4 -3

SNR

10

-6

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

B

L

E

R

MCS10,TBsize=696

SFN

JT

LS

near performance


In above simulation, the corresponding transmission schemes (SFN, JT, LS from left to right) are listed in the following:
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From the above results, it could be seen that scheme 1 does not provide any performance gains compared to baseline schemes of SFN transmission from multiple TRP or legacy codeword to layer mapping with multiple TCI states.
For scheme3, there is no clear benefit between the scheme and mini-slot repetition. 

Scheme 2 and scheme 4 are the natural extensions of eMBB transmission schemes and should be supported. 
Proposal 12 Scheme 2 and scheme 4 should be supported with further enhancement on mini-slot repetitions.
Proposal 13 Scheme 1 is not supported at least when the PDSCH transmitted from two TRPs is triggered by single PDCCH.
5. PDCCH Signaling and Monitoring

The following issues are discussed in this section.

· TCI indication field in the PDCCH

· BD/CCE upper limit for multi-TRP

· BWP indication for multiple PDCCH

· Group common signaling for multi-TRP

· PDCCH for URLLC

5.1. Number of CORESETs and BD/CCE upper limit
In multi-TRP scenarios, it is necessary to further enhance the ability for BD/CCE upperlimit. The rationale behind the enhancement is that the number of CORESETs would need to be increased. CCE upper limit should firstly be increased to match the increased number of CORESETs. Furthermore, a specific TRP could be viewed as a specific point for transmission and reception for a group of UEs. An increased number of BD would increase the flexibility of scheduling the group of UEs from a TRP and reduce the blockage probability.

Firstly, the number of CORSETs should be increased. Currenly, there is restriction that at most 3 CORESETs can be configrued per BWP.  For multi-TRP scenarios, we assume that :

· 1 CORESET is used for broadcast, e.g., SI/Paging etc. ;

· 1 CORESET per TRP is used for group common signaling per TRP, e.g., SFI/TPC/Pre-emption ;

· 1 CORESET per TRP is used for UE specific transmission ;

· 1 CORESET is used for BFR.

When there are two TRPs that are used for simultaneous transmission to the UE, the above CORESETs adds up to 6. Considering 2 TRPs would be supported for Rel-16 MIMO, the maximum number of CORESETs per BWP should be further increased from 3 to 6.

Proposal 14: Maximum number of CORESET per BWP should be further increased from 3 to 6.  

In Rel-15 NR, BD/CCE upper limit is specified as a fixed value as in the following tables. Even when there is multi-carrier ability to blind decode e.g. 44*Cmax, UE is only restricted to blind decode only 44 times per CC for 15kHz SCS.

Table 10.1-2: Maximum number 
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	Maximum number of monitored PDCCH candidates per slot and per serving cell 
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Table 10.1-3: Maximum number 
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	Maximum number of non-overlapped CCEs per slot and per serving cell 
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There are two directions for further enhancement:

· Increase number of BD/CCE upper-limit per CC: this not only benefits multi-TRP transmission, but also is useful for other items, like URLLC;

· Tradeoff between number of CCs and number of TRPs: the BD/CCE capability of another CC could be used for the BD/CCE of multi-TRP when the number of CCs is smaller than the maximum one UE supported;

In our understanding, both directions should be supported in Rel-16. UE capability may be used to indicate whether UE supports the tradeoff between number of CCs and number of TRPs. Another UE capability may also be introduced to indicate whether UE supports increased number of BD/CCE upper limit per CC.

With the increased number of upper limit, the upper-limit of BD/CCE could be explicitly configured for each cell/BWP no matter whether the increase is from tradeoff or from baseband capability enhancement. Furthermore, to reduce the related specification work on the upper-limit, it needs to be studied whether the BD/CCE increase is at the granularity of 44/36/22/20 or allow any kind of configuration.

Proposal 15:Support UE capability to indicate whether the upper limit of BD/CCE could be larger than 
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 for a CC when actually configured CC is smaller  than the maximum number of carriers UE supports.

Proposal 16: Support UE capability to indicate the upper limit of BD/CCE 
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 per CC, which could larger than what has been supported in Rel-15.

Proposal 17: Support explicit configuration of upper-limit of BD/CCE for each CC.

5.2. Group common signaling for multi-TRP
In Rel-15 NR, the following group common signaling is supported :

· Format 2_0 for slot format indication scrambled by SFI-RNTI;
· Format 2_1 for pre-emption indication scrambled by INT-RNTI;
· Format 2_2 for TPC commands for PUCCH and PUSCH scrambled by TPC-PUSCH-RNTI or TPC-PUCCH-RNTI;
· Format 2-3 for TPC commands for SRS transmission scrambled by TPC-SRS-RNTI.

Group-common control signaling is typically addressed to a group of UEs. UEs associated with different TRPs may or may not belong to different groups. For UEs that do not need to communicate with multiple TRPs, it may only need to receive a single group common signaling. But when a NC-JT UE needs to connect to multiple TRPs, it needs to be clarified whether the UE is allowed to receive multiple group common control signalings. If allowed the related UE behavior should also be addressed.

One example could be format 2_0: is it allowed for a UE to receive multiple slot format indications or not? It is possible that different TRPs may use different slot format to adapt to the corresponding traffic burst for different groups of UEs. As long as the interference is well managed, it is natural that a UE could transmit and receive according to what is indicated by the TRP rather than mandating the two TRPs are fully aligned on transmission and reception. As for intra-band CA scenarios, the corresponding UE behavior could be defined if a UE receives multiple conflicting SFIs in different cells which allows the network deployment as flexbile as possible.   
Proposal 18: For multi-TRP scenarios, clarify whether group common signaling could be indicated TRP specifically, i.e. whether the corresponding group common control signaling is only effective for the transmission and reception associated with a single TRP or not.  
6. HARQ Signaling for eMBB

Previously, the following issues were agreed for further study. 

· #4: UL ACK/NACK feedback for multiple TRP/panels, e.g. 

· separated A/N payload/DAI for PDSCH transmitted by different resources

· whether need to or how to handle intra-UE A/N and PUSCH overlapping at time domain 

· whether/how to do joint A/N payload considering the applicability of backhaul assumption 

In last meeting the following agreements were achieved.

Agreement

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

We further analyze the detailed solutions for separate ACK/NACK feedback and joint ACK/NACK feedback.
6.1. Separate HARQ feedback on different PUCCH resources
Before we dive into the detailed signaling design for ACK/NACK, we need to first clarify what kind of PUCCH resources could be transmitted simultaneously:

· TDMed PUCCH resources:

· Pre-defined TDM patterns;

· FDMed PUCCH resources:

· FDMed resources could be simultaneously transmitted at least for OFDM based formats;

· CDMed PUCCH resources:

· Whether CDMed resources could be simultaneously transmitted may depend on whether the power backoff due to increased PAPR is balanced for the tradeoff;

· PUCCH resources are transmitted with different antenna ports/panels.

Proposal 19: The cases that UE could simultaneously transmit different PUCCH resources should be clarified first.

Rel-15 NR has already defined complicated rules to multiplex UCI and select PUCCH resources to transmit the corresponding UCI. In Rel-16, UE could conduct the multiplexing and resource selection within a single TRP as Rel-15 and then deal with the PUCCH transmission across different TRPs.
For the cases when UE is indicated to transmit on the PUCCH resources that UE could not simultaneously transmit, corresponding priority rules could be defined. Such dropping behavior is not only useful for multi-TRP scenarios but also for intra-UE multiplexing of URLLC and eMBB where such priority rules could be used to drop UCI of the low priority services.

Proposal 20:UCI multiplexing and PUCCH resource selection is firstly conducted within a TRP with Rel-15 rules and based on the selected resources, UE may drop one of the PUCCH based on pre-defined priority rules if the resources could not be transmitted simultaneously.

DAI indication may also need to be clarified. Even for separate codebook, it is still possible to use joint DAI for ideal backhaul scenarios. RRC signaling could be used to indicate how the DAI is counted.

Proposal 21: Support to use RRC to signal to UE whether DAI is jointly counted or independently counted across different TRPs.
6.2. Joint HARQ feedback on the same PUCCH resources
Joint HARQ A/N feedback could be supported for multi-PDCCH based multi-TRP transmission for the following reasons:

· As we discussed previously, multiple PDCCHs may not only be applicable for the non-ideal backhaul scenarios but also for ideal backhaul scenarios. For ideal backhaul, joint HARQ ACK feedback is obviously a useful solution. 

· For non-ideal backhaul, there are also different options:

· Semi-static joint HARQ codebook could be used to jointly feedback the ACK/NACK; 

· Dynamic HARQ codebook could be used if there is enough time to coordinate between different TRPs.

To support joint HARQ A/N feedback, the corresponding encoding mechanism needs to be further enhanced. Targeting different TRPs may require the UE to transmit at different code-rate for different A/N feedback. 

For semi-static codebook, additional rules may also need to be defined regarding how to arrange the feedback A/N bits for different TRPs.

Proposal 22: Joint HARQ feedback is supported for multi-PDCCH based multi-TRP transmission.

· Joint semi-static codebook could be further enhanced to transmit A/N bits for different TRPs;

· Separate encoding of the payload targeting different TRPs could also be supported.

7. HARQ Signaling for URLLC

7.1. HARQ feedback
For multi-TRP with URLLC, multiple PDSCHs could be used to transmit the same TB. For ideal backhaul cases, these ACK/NACK bits could be combined together and reported to the network. Such combination may be dependent on the timeline of the PDSCH reception, PUCCH feedback and actual PUCCH resource selected by the DCI. For example, when the indicated PUCCH is within two slots, it may not be necessary to further combine the ACK/NACK bits. But if they are overlapped, the corresponding ACK/NACK bits could be combined to save the overhead.

Proposal 23: Support A/N bits combination of the same TB indicated by different TRPs.

· Whether the A/N bits is combined or not is based on the timing relation between indicated PUCCH resources;

· DAI counting and A/N codebook design should take those issues into account.
7.2. Simultaneous transmission of PUCCH and PUSCH
Previously, there were some guidance from the rapporteur on how to handle the potential overlap between multi-beam discussion and multi-TRP transmission.

· To avoid potential overlap between MB1 and MTRP on multi-panel issues, the following guideline is used:

· Issues pertaining to UL UE panel-specific operation will be discussed in MB1. 

· Otherwise, it will be discussed in MTRP (e.g. URLLC-related enhancement).

It should be further clarified that UL UE panel-specific operation may also be needed to satisfy URLLC requirement even if they are discussed under multi-beam item.

Proposal 24: UL UE panel-specific operation should also satisfy URLLC requirement under ideal and non-ideal backhaul scenarios.
Transmitting PUSCH and PUCCH to different TRPs at the same time could reduce the scheduling latency. At least for the following cases, simultaneous transmission and reception of PUCCH and PUSCH should be supported:

· PUCCH  and PUSCH are FDMed but fully overlapped in the time domain

· FDMed resources could be simultaneously transmitted at least for OFDM based PUCCH and PUSCH;

· PUCCH and PUSCH are using different antennas

· Whether CDMed resources could be simultaneously transmitted may depend on whether the power backoff due to increased PAPR is balanced for the tradeoff;

Proposal 25: For URLLC scenarios, support simultaneous transmission of OFDM based PUCCH + PUSCH if they are fully overlapped in time domain
· Further study the possibility of transmitting PUSCH and PUCCH simultaneously with different antennas/panels.

8. UL Transmission for Multi-TRP

For multi-TRP operation, we envision the possibility of interpreting PUCCH resource indication and SRS resource indication per CORESET. With limited bits in DCI for indication of SRS resources and PUCCH resources, the flexibility of indicating PUCCH resources and SRS resources in multi-TRP scenarios is really limited. By interpreting the corresponding field per CORESET would largely relieve such limitations.

Proposal 26: The following fields for UL transmission could be defined per CORESET or per TRP:

· SRS resource indicator
· SRS request
· PUCCH resource indicator.  
PUCCH targeting different TRPs may need to be supported for NR. Currently UE may not be able to transmit targeting a specific TRP and thus may not be triggered per TRP PUCCH transmission. One of the possibilities is to reuse the following field in PUCCH-config to indicate UE for targeting the corresponding transmission to a specific TRP.

PUCCH-Config ::=                        SEQUENCE {
...

spatialRelationInfoToAddModList         SEQUENCE (SIZE (1..maxNrofSpatialRelationInfos)) OF PUCCH-SpatialRelationInfo   OPTIONAL,   -- Need N

...

}

For PUCCH with repetition, especially for URLLC, it is necessary to transmit the PUCCH to different TRPs for diversity gains. Thus for different repetitions or even different hops of PUCCH, it is also necessary to use different beams or precoding. 
Proposal 27: For PUCCH without repetition, support transmission targeting different TRP in FR1.

Proposal 28: Support transmission with different spatial info in different hops or repetitions.
9. CSI Report for Multi-TRP

In previous discussion, the following issues are raised

· #5: CSI reporting enhancement for multiple TRP/panels, e.g. 

· CSI processing/timing, separated CSI reporting/reporting resources, and CSI multiplexing with A/N 

· Whether/how to use joint CSI reporting and associated reporting resource

One of the focus is whether joint CSI reporting or separate CSI reporting should be used. In our understanding, periodic/semi-persistent CSI reporting are based on higher layer configured resources and they do not suffer from latency constraint. Periodic CSI report may be a long term report and tolerant for some latency. For aperiodic CSI report, separate CSI reporting may be well justified for fast channel acquisition and AMC adjustment. Thus we think both separate CSI reporting and joint CSI reporting should be supported.

Furthermore, ideal backhaul is also one of the use cases for multi-PDCCH based transmission. Joint CSI reporting could be used by the network for scheduling. The joint CSI may also be useful when the same information is needed both for the two TRPs.

Proposal 29: Joint CSI reporting and separate CSI reporting should both be supported. 

10. Differentiation of TRPs
From previous discussions, it could be seen that PHY layer differentiation of TRPs should be supported for corresponding transmission and reception behaviors. There are quite a lot of different ways to differentiate TRPs:  CORESET ID, PDCCH-Config, PDSCH-Config, TCI state ID, SSB ID or even explicitly defined TRPs. RAN1 should down-select to one of the options to label a specific TRP and facilitate further discussion.

Proposal 30: Support explicit or implicit differentiation of TRPs.
11. Conclusion

In this contribution, we have the following observation and proposals for multi-TRP transmission schemes.

Observation 1 Multi-PDCCH based multi-TRP transmission is a necessary solution for both ideal and non-ideal scenarios.
Proposal 1 The total number of CWs in scheduled PDSCHs across different TRPs is not greater than 2.
Proposal 2 If partially overlapped PDSCH resource allocation from different TRPs are supported for non-ideal backhaul scenarios, type B resource allocation should also be restricted;
Proposal 3 For PDSCH scheduling for non-ideal backhaul scenarios, UE does not expect to perform dynamic bandwidth switch triggered by one TRP during a predefined time period after the BWP switch triggered by another TRP.
Proposal 4 Active TCI states for dynamic PDSCH QCL indication should be activated per CORESET, rather than per BWP.
Proposal 5 It should be supported to puncture from PDSCH the DMRS REs of the other simultaneously transmitted PDSCH in multi-PDCCH transmission for multi-TRP.
Proposal 6 Service dependent puncturing behavior should be supported:
· For eMBB + eMBB multiplexing, only DMRS REs should be punctured;

· For URLLC + eMBB or URLLC + URLLC multiplexing, both PDSCH RE and DMRS REs should be punctured based on service priority.

Proposal 7 A PDSCH is aperiodically rate matched only around those signals indicated in its own scheduling DCI.  All signals indicated in other DCIs are not rate matched, e.g. aperiodic ZP CSI-RS, aperiodic NZP CSI-RS, aperiodic rateMatchPattern and PDCCH not scheduling the PDSCH.
Proposal 8 Further clarify the PDSCH rate matching behavior of one TRP around the P/SP signals from another TRP, which might include SSB, CSI-RS and rateMatchPattern.
Proposal 9: For multi-TRP transmission scheduled by single PDCCH in eMBB scenario, 

· For DMRS type 2, maximum 2 CDM groups are indicated by the antenna port field in DCI.

· For both DMRS type 1 and DMRS type 2, if 2 TCI states are activated within a TCI code point, 

· When 2 CDM groups are indicated by the antenna port field in DCI, the 1st TCI state is always corresponding to the 1st indicated CDM group, and the 2nd TCI state is always corresponding to the 2nd indicated CDM group.

· When only 1 CDM group is indicated by the antenna port field in DCI, the 1st TCI state is always corresponding to the indicated CDM group, and the 2nd TCI state is useless.

Proposal 10: Introduce DMRS ports combination (0, 1, 2, 4) and (0, 1, 2, 6) for DMRS type 1 and DMRS type 2 with 2 DMRS symbols respectively.
Proposal 11: Support transmitting the same TB from two TRPs with the same HARQ process ID with NDI un-toggled.
Proposal 12 Scheme 2 and scheme 4 should be supported with further enhancement on mini-slot repetitions.
Proposal 13 Scheme 1 is not supported at least when the PDSCH transmitted from two TRPs is triggered by single PDCCH.
Proposal 14: Maximum number of CORESET per BWP should be further increased from 3 to 6.
Proposal 15:Support UE capability to indicate whether the upper limit of BD/CCE could be larger than [image: image20.wmf]m
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Proposal 16: Support UE capability to indicate the upper limit of BD/CCE [image: image22.wmf]m
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 per CC, which could larger than what has been supported in Rel-15.
Proposal 17: Support explicit configuration of upper-limit of BD/CCE for each CC.
Proposal 18: For multi-TRP scenarios, clarify whether group common signaling could be indicated TRP specifically, i.e. whether the corresponding group common control signaling is only effective for the transmission and reception associated with a single TRP or not. 
Proposal 19: The cases that UE could simultaneously transmit different PUCCH resources should be clarified first.
Proposal 20:UCI multiplexing and PUCCH resource selection is firstly conducted within a TRP with Rel-15 rules and based on the selected resources, UE may drop one of the PUCCH based on pre-defined priority rules if the resources could not be transmitted simultaneously.
Proposal 21: Support to use RRC to signal to UE whether DAI is jointly counted or independently counted across different TRPs.
Proposal 22: Joint HARQ feedback is supported for multi-PDCCH based multi-TRP transmission.
Proposal 23: Support A/N bits combination of the same TB indicated by different TRPs.
Proposal 24: UL UE panel-specific operation should also satisfy URLLC requirement under ideal and non-ideal backhaul scenarios.
Proposal 25: For URLLC scenarios, support simultaneous transmission of OFDM based PUCCH + PUSCH if they are fully overlapped in time domain.
Proposal 26: The following fields for UL transmission could be defined per CORESET or per TRP:
· SRS resource indicator
· SRS request
· PUCCH resource indicator.  
Proposal 27: For PUCCH without repetition, support transmission targeting different TRP in FR1.
Proposal 28: Support transmission with different spatial info in different hops or repetitions.
Proposal 29: Joint CSI reporting and separate CSI reporting should both be supported.
Proposal 30: Support explicit or implicit differentiation of TRPs.
References

[1] RP-182863
Revised WID: Enhancements on MIMO for NR

Appendix A



Table1 :  LLS assumptions for PDSCH repetition
	Parameters
	Assumptions

	Carrier Frequency 

and Numerology
	4 GHz with SCS = 15 kHz, #OS = 14

	Wireless channel
	CDL-C，DSdesired=100ns,
3km/h, Distribution: iid per slot.

	Tx ports
	2Ports per TRP

	Rx ports
	4Ports,only one panel

	PDSCH resource
	3 PDSCH #OS

Allocated bandwidth=28PRB
Full overlap between TRPs

	DMRS configuration
	1 DMRS #OS,  Type1

	Transmitter scheme
	1layer，PRG=4，
precoding cycling per PRG with 2 ports TypeI codebooks:[1;1], [1;-1]; [1;1j], [1;-1j];

	Timing offset
	TA=0，same between TRPs

	Frequency error
	0，same between TRPs

	Adaptation
	No HARQ, No CSI reporting

No beam sweeping

	Other cell interference
	Not considered
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