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Introduction
[bookmark: _Ref378529477]In RAN #80, a new work item on MIMO was approved.  In RAN#81, the WID was updated as below:
“
· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission
· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Multi-TRP techniques for URLLC requirements are included in this WI
”
In this contribution we provide our views on the remaining issues for multi-TRP transmission with single PDCCH, and discuss considerations for operation of multi-TRP in FR2. 
Enhancements Related to Multi-TRP/Panel Transmission with Single PDCCH
The following agreements have been made so far on multi TRP with single PDCCH:

RAN1#96bis Agreement 
Take into account following principles for single-PDCCH multi-TRP DMRS port indication:  
· Whether/how MU pairing cases between, e.g. UE1 from TRP1 and TRP 2 and UE 2 from TRP 1 and TRP 2, or UE1 from TRP1 and TRP 2 and UE 2 from TRP 1, is needed 
· Whether/how DMRS port indication using DMRS type 1 with 1 or 2 frontloaded symbols, and DMRS type 2 with 1 or 2 frontloaded symbols need to be enhanced

RAN1#97 Agreement 
Support following principles for DMRS port indication design for NCJT transmission based on single-PDCCH multi-TRP, at least for single front-load symbol and eMBB
· Antenna port field size is the same as Rel-15, at least for DCI format 1-1
· At least support following layer combinations from two TRPs indicated by antenna port field:
· 1+1, 1+2, 2+1, 2+2 for single CW and SU, at least for DCI format 1-1
· To be evaluated to determine whether introducing following design principles for DMRS entries in RAN1#98: 
· 1+3 and/or 3+1
· MU cases, i.e. between NCJT UE+NCJT UE and NCJT UE+S-TRP UE
· Two CWs for the case of total layers of NCJT reception more than 4


In this section, we describe our views on multi-TRP enhancements for single PDCCH, namely TCI payload, PDCCH enhancements and UCI enhancements. 

TCI Payload Enhancements
In Release 15 each TCI codepoint points to only one state while in Release 16 each codepoint represents two states where each state represents one CDM group from each TRP. During previous meetings, there was a discussion regarding increasing the TCI field size in the DCI for Release 16. However, in our view the existing specification already supports 64 beams and in DCI it can cover up to 8 possibilities represented by 3 bits.  For 2 TRP, we don’t see any necessity to increase the payload size. Hence we propose

Proposal 1:  TCI payload should be kept same as that of Release 15 TCI in the DCI

PDCCH Related Enhancements:
[bookmark: _GoBack]Release 15 PDCCH coverage performance is impacted as shown in Figure 1 by high payload. One option to improve the coverage of multi-TRP operation is to reduce the payload of the PDCCH.  This option, however, might impact the performance of the multi-TRP operation. Another option is to use two stage design for PDCCH, where the first stage chooses minimum payload for scheduling from at least one TRP, while the second stage can be used for scheduling from the other TRP in addition to other parameters. We thus propose that RAN1 studies two stage DCI design as part of PDCCH enhancements for multi-TRP transmission with single DCI.
[image: ]
Figure 1  BLER comparison with different payloads for Release 15 PDCCH

Proposal 2:  RAN1 should study two stage design of PDCCH for multi-TRP 

As explained, the two stage design is mainly motivated by the increase of payload from multiple TRPs. In Release 15, the resource allocation field occupies the highest number of bits. One technique to reduce the payload of DCI for single PDCCH, equally applicable to single stage or two stage DCI is the design of resource allocation fields from the two TRPs. 
As an example, say the number of bits allocated for frequency domain resource allocation is 40 bits and time domain resource allocation is 4 bits for the first TRP. Hence if we use conventional design, then the number of bits required to indicate the frequency domain resource allocation is 40 + 40 bits and time domain resource allocation is 4 + 4 bits.  Since with a single PDCCH design, the two TRPs either use a single scheduler or the two schedulers are coordinated, most of the cases, the resources allocated are exactly the same. In such cases, instead of allocating separate bits for indicating the frequency and time domain resources for the second TRP, the design can use a single bit to indicate whether the second TRP resources are the same as those of the first TRP or different, as illustrated in Figure 2.

When the bit is set to 1, the second TRP uses the same resources for PDSCH and the gNB does not transmit bits allocated for second TRP resource allocation. However, when the bit is set to 0, the gNB transmits separate bits for indicating the resource indication for the second TRP. 


Resource allocation for TRP2
Proposed bit
Resource allocation for TRP1	



Figure 2 Proposed Downlink control channel structure for resource field indication

We can extend the above principle to two bits to give full flexibility for time and frequency domain resource allocation. In such a case, 2 bits can be allocated to indicate whether the network uses the same resources for the second TRP in time or frequency or both. This is further illustrated in Table 1. 
We thus propose:
Table 1 Resource Indication for the 2nd TRP
	Joint Indication
	2nd TRP resources

	00
	 Same as that of first TRP in frequency and time domain 

	01
	Same as that of first TRP in frequency domain only

	10
	Same as that of first TRP in time domain only

	11
	Different as that of first TRP 




Proposal 3:  RAN1 should study techniques to reduce the payload for resource allocation in the DCI at the same time giving full scheduling flexibility to the network

UCI Enhancements:
We propose a new compact CSI report that can be based on DMRS/PDSCH estimation for multi-TRP transmission with single PDCCH. 

For Multi TRP transmission, if the UE uses individual CSI estimates from each TRP, the MCS selection for the joint transmission is not optimal. One technique to reduce the mismatch, while at the same time reduce the overhead due to CSI-RS is to use compact CSI report based on DMRS/PDSCH transmission.

In fact, if we were to track the changes in the RI and the PMI reported in the conventional CSI report based on CSI-RS estimation, for a given UE, we notice that the number of layers and the PMI is unlikely to change significantly from one scheduling interval to subsequent scheduling intervals. This is further illustrated in Figures 3 and 4 for RI, and Figures 5 and 6 for PMI, respectively, for 2 and 4 CSI-RS ports with 2 and 4 receive antennas.  
[image: ]
Figure 3 Snapshot of RI reported with 2 CSI-RS ports

         [image: ]
Figure 4 Snapshot of RI reported with 4 CSI-RS ports
[image: ]
Figure 5 Snapshot of PMI reported with 2 CSI-RS ports
[image: ]
Figure 6 Snapshot of PMI reported with 4 CSI-RS ports
We thus can conclude that if the UE can estimate the SINR on the scheduled rank and scheduled PMI (e.g. via precoded DMRS), the SINR variation is not significant. There are many benefits of such a scheme such as reduced CSI reporting delay, reduced CSI-RS transmissions etc. 

Observation 1: Since the RI and PMI do not change significantly over a period of time, the UE can estimate the channel and the SINR using e.g. precoded DMRS and can report a compact CSI along with HARQ-ACK of the current transmission.  

 The compact CSI sent along with the HARQ-ACK feedback includes at least a CQI estimation. We thus propose,

Proposal 4: RAN1 should support DMRS/PDSCH based CSI estimation for UCI enhancements with single PDCCH based Multi-TRP transmission

Proposal 5: RAN1 should support new compact CSI report embedded in the HARQ-ACK feedback. 
Enhancements Related to Multi-TRP/Panel Transmission Operation in FR2
Enhancements to enable multi-TRP/panel transmission with multi-DCI and single DCI have so far not taken possible optimizations related to FR2 into account. In this section, we present our views on certain aspects that need to be further enhanced, especially for operation in FR2.

PT-RS Related Enhancements:
In Release 15, PT-RS is transmitted only on one layer with the lowest antenna port index in the DM-RS antenna port group. With multi-TRP, or multi-Panel transmission, the UE can receive transmissions from multiple panels simultaneously. Furthermore, for FR2, the UE can be equipped with multiple panels, with each panel receiving transmission from a different TRP/panel. 
With multiple TRPs and multiple panels, single PTRS is not sufficient as each panel/TRP will have a different local oscillator, and frequency offset to different TRPs will be different. Hence we propose to have more than 1 PTRS signal for multi TRP operation. 
Proposal 6: Additional PT-RS signal is recommended with multiple TRP/panel transmission.

UL ACK/NACK Feedback with Multi-TRP
The email discussion at the end of RAN1#97 concluded with the following alternatives for ACK/NACK feedback for M-DCI based multi-TRP/panel transmission:
Email discussion proposal:
        If the higher layer signaling index per CORESET is configured, when generating separated ACK/NACK codebook across all CCs for M-DCI based multi-TRP/panel transmission: 
o    Configured higher layer signaling indices corresponding to different ACK/NACK codebooks have different values. 
  FFS whether/what if the value of indices configured in different CORESETs have the same value (or are not configured) for M-DCI NCJT
o    For dynamic codebook, counting DAI is independent for DCIs from CORESETs with different values of configured higher layer signaling indices
o    For semi-static codebook, determining candidate PDSCH reception occasions and HARQ-ACK information bits are independent for DCIs/PDSCHs from CORESETs with different values of configured higher layer signaling indices
o    For PUCCH resource determination, the last DCI among DCIs, if values of the PDSCH-to-HARQ_feedback timing indicator field indicating a same slot for the PUCCH transmission with slot-level granularity of K1, is determined independently for DCIs from CORESETs with different values of configured higher layer signaling indices
o    Note that this does not preclude configuring the index for other purposes.
        For joint A/N feedback by M-DCI, for both semi-static and dynamic A/N codebooks, studying following aspects:
o    HARQ-ACK bit multiplexing: e.g. HARQ-ACK bits for TRP-0 and TRP-1 are concatenated by the increasing order of configured higher layer signaling indices of CORESETs,  or HARQ-ACK from TRP-0 and TRP-1 are interlaced across different CCs
o    PUCCH resource determination: e.g. how the last DCI is determined at the UE
o    DAI: e.g. DAI is applied per TRP or cross two TRP for dynamic A/N codebook
        Further study on mechanism and conditions for when/how to switch between joint and separated ACK/NACK feedback within a slot, considering one or the combination of the following alternatives:
o    Alt 1: a new RRC signaling is to switch between joint feedback and separate feedback.
o    Alt2: if configured higher layer signaling indices in the CORESETs corresponding to different TRPs have different values, the UE shall use separated ACK/NACK feedback, otherwise (including indices are not configured) the UE shall use joint A/N feedback as Rel-15.
o    Alt 3:depending on reported UE capability signaling of informing the maximum number of transmitted PUCCH resources for HARQ-ACK within a slot [or sub-slot], e.g. if UE reports “1” for the UE capability signaling, joint A/N feedback will be always used within a slot for M-DCI NCJT;
o    Alt 4: UE switches between joint feedback or separate feedback depending on whether the indicated PUCCH resources for two TRPs are overlapped or not (reusing Rel-15 rule as much as possible); 
        FFS whether/how to support the value of K1 with sub-slot level granularity 
        FFS whether/how to associate PUCCH resource groups and configured higher layer signaling indices of CORESETs (to be concluded in RAN1 98) 
        Note that for M-DCI based multi-TRP/panel transmission, it is encouraged to minimize spec impact for supporting both separate A/N feedback and joint A/N feedback when the higher layer signaling indices for CORESETs are configured

The ACK/NACK feedback enhancements for multi-TRP with M-DCI do not take into account optimizations related to FR2. Some of the configurations that one can have with sending UL feedback to two TRPs for FR2 might be ruled out due to UE capability or no standard support. One straightforward solution is to enable only separate ACK/NACK feedback with TDMed resources for the two TRPs, for FR2. This would require no further enhancements beyond what is in Rel. 15. It is desirable, however, to keep the same framework across both FR1 and FR2, such that it is possible to switch between separate HARQ-ACK feedbacks and joint HARQ-ACK codebook, according to an agreed mechanism and conditions for switching. Hence we propose to enable both separate HARQ-ACK codebooks and joint HARQ-ACK codebook for multi-TRP transmission in FR2.
Observation 2: For multi-TRP transmission in FR2, simultaneous transmission of separate HARQ/ACK feedback might not be possible 
Proposal 7: For multi-TRP transmission with M-DCI in FR2, support switching between separate HARQ/ACK feedback and joint HARQ-ACK feedback 
Beam Management and Beam Failure Indication
In Rel, 15 beam management DL-TCI framework, the following was agreed on the TCI states for Downlink channels.
Agreement:
A candidate set of DL RSs are configured using RRC mechanism
Each state of M TCI states is RRC configured with a downlink RS set used as a QCL reference, and MAC-CE is used to select up to 2^N TCI states out of M for PDSCH QCL indication
The same set of M TCI states are reused for CORESET
K TCI states are configured per CORESET 
When K>1, MAC CE can indicate which one TCI state to use for control channel QCL indication
When K=1, no additional MAC CE signaling is necessary

Agreement:
· When the scheduling offset is <=k, and the PDSCH uses QCL assumption that is based on a default TCI state 
· The default TCI state corresponds to the TCI state used for control channel QCL indication for the lowest CORESET ID in that slot

The Rel. 15 DL beam management framework does not take into account multi-TRP/panel transmission when defining QCL assumptions for PDSCHs. 
Consider for example the case when two PDSCHs, PDSCH1 and PDSCH2 are sent from two TRPs, TRP 1 and TRP2, respectively. When the scheduling offset is below a certain threshold, PDSCH is assumed to use a QCL assumption that is based on a default TCI state, corresponding to the TCI state used for control channel QCL indication for the lowest CORESET ID in that slot. When only one default TCI state is defined, and both PDSCH1 and PDSCH2 are sent with a scheduling offset below the set threshold, both PDSCH1 and PDSCH2 can use QCL assumption based on the only defined default TCI. This might result in an error in decoding PDSCH2, for example, given that PDSCH2 corresponds to a transmission from a different TRP/panel, and has a different QCL than PDSCH1. Hence PDSCH2 cannot default to the same default TCI state and same QCL assumption as PDSCH1.  We hence propose to define two default TCI states for multi-TRP transmission such that each PDSCH uses a QCL assumption that is based on a TCI state used for control channel QCL indication for lowest CORESET ID in that slot for that TRP. Note that this is applicable for both FR1 and FR2.
Proposal 8: Multiple QCL assumptions for PDSCHs should be defined for multi-TRP/panel transmission in FR2
Another topic of importance for FR2 is how and when to indicate that a transmission failed from the second TRP. Early indication of beam failure on the second TRP is beneficial to quickly indicate to the network to switch to single TRP transmission. 
Observation 3: Beam failure detection on the second TRP is beneficial to indicate to the network to switch to single TRP transmission. 
[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
In this contribution we described our views on enhancements for Release 16 MIMO WI related to multi TRP/Panels. We made the following observations and proposals:
Observation 1: Since the RI and PMI do not change significantly over a period of time, the UE can estimate the channel and the SINR using precoded DMRS and can report a compact CSI  along with HARQ-ACK of the current transmission.  
Observation 2: For multi-TRP transmission in FR2, simultaneous transmission of separate HARQ/ACK feedback is not possible 
Observation 3: Beam failure detection on the second TRP is beneficial to indicate to the network to switch to single TRP transmission. 
Proposal 1:  TCI payload should be kept same as that of Release 15 TCI in the DCI

Proposal 2:  RAN1 should study two stage design of PDCCH for multi-TRP 

Proposal 3:  RAN1 should study techniques to reduce the payload for resource allocation in the DCI at the same time giving full scheduling flexibility to the network

Proposal 4: RAN1 should support DMRS/PDSCH based CSI estimation for UCI enhancements with single PDCCH based Multi TRP transmission

Proposal 5: RAN1 should support new compact CSI report embedded in the HARQ-ACK feedback. 
Proposal 6: Additional PT-RS signal is recommended with multiple TRP/panel transmission.
Proposal 7: For multi-TRP transmission with M-DCI in FR2, support switching between separate HARQ/ACK feedback and joint HARQ-ACK feedback 
[bookmark: _Ref450342757]Proposal 8: Multiple QCL assumptions for PDSCHs should be defined for multi-TRP/panel transmission in FR2
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Snapshot of PMI at SNR10dB
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Snapshot of PMI at SNR20dB
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Snapshot of RI distribution at SNR10dB
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