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1. Introductions
In RAN #81 meeting, revised Rel-16 NR MIMO working item [1] was approved and the objectives of enhancements on multi-TRP/Panel transmission are as following:
· 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 RAN1 #94b, we share our initial thoughts on enhancements on multi-TRP/panel transmission in Rel-16. 

Agreement

For eMBB multi-TRP/panel transmission down-select among the following in RAN1#95:

· Alt0: Support only single PDCCH design

· FFS: Whether multiple PDCCH design is also needed 

· Alt1: Support only multiple PDCCH design

· FFS: Whether single PDCCH design is also needed 

· Alt2: Support both multiple PDCCH and single PDCCH design

· FFS: PDCCH design for URLLC

Aspects to be considered in the down-selection: backhaul latency, downlink control overhead, specification impact (including RAN2 specs), UE complexity (related to power control, timing adjustment, and blind dection), DCI/UCI design, scheduler flexibility, intra-UE PUCCH/PUSCH transmission, Rel-15 PDCCH blockage probability, CSI feedback, etc.

In this paper we analyze the pros and cons of different approaches and elaborate our thoughts on related issues.
2. Scenarios for multi-TRP/Panel transmission
As agreed in the scope of the Rel-16 NR MIMO, the scenarios for discussion at least covers the following:

· Ideal back-haul targeting throughput enhancement
· Ideal back-haul targeting robustness, satisfying URLLC requirement

· Non-ideal back-haul targeting throughput enhancement

· Non-ideal back-haul targeting robustness, satisfying URLLC requirement

Regarding URLLC requirement, the following table has already been agreed in last meeting. 
	Use case
(Clause #)
	Reliability (%)
	Latency (ms)
	Data packet size  and traffic model
	Description 

	Power distribution

(22.804:5.6.4 &5.6.6)
	99.9999
	5(end to end latency)
Note: 2-3 ms air interface latency 
	DL & UL:

100 bytes 
ftp model 3 with arrival interval 100 ms
	Power distribution grid fault and outage management 

	
	99.999 
	15(end to end latency)
Note: 6-7 ms air interface latency
	DL & UL:

250 bytes  

Periodic and deterministic with arrival interval 0.833 ms
Random offset between UEs 

	Differential protection

	Factory automation


	99.9999
	2(end to end latency)
Note: 1 ms air interface latency 
	DL & UL:

32 bytes
Periodic deterministic traffic model with data arrival interval 2 ms

	Motion control

	Rel-15 enabled use case (e.g. AR/VR)  
	99.999 
	1ms (air interface delay) for 32 bytes
1 ms and 4 ms (air interface delay) for 200 bytes 
	DL & UL:

32 and 200 bytes 
FTP model 3 or periodic with different arrival rates
	

	
	99.9
	7ms (air interface delay)
	DL & UL:

4096, 10 K
FTP model 3 or periodic with different arrival rates
	

	Transport Industry

(22.186: 5.5)
	99.999
	5 (end to end latency)
Note: 3ms air interface latency 
	For UL: 
2.5 Mpbs; Packet size 5220 bytes
For DL: 
1Mbps; Packet size 2083 bytes
Note: Data arrival rate 60 packets per second for periodic traffic model
	Remote driving 



	Transport Industry

(23.501, 22.261)
	99.999
	10(end to end latency)
Note: 7ms air interface latency
	UL&DL: 
1.1 Mbps, Packet size 1370 bytes 
Note: Data arrival rate 100 packets per second for periodic traffic model
	Intelligent transport system (ITS)


Multi-TRP techniques and solutions specified in Rel-16 should be applicable for all above scenarios. For URLLC part, the requirement should be aligned with what is defined in the corresponding WI. 
From the table, the delay for air interface could possibly be any value smaller than 7ms (except 5ms). There is question on how to satisfy the requirement of URLLC with different delay assumptions.
Regarding the involved delay for ideal and non-ideal backhaul, the following values are explicitly agreed in last meeting.
Agreement

· For eMBB multi-TRP performance evaluation, ideal and non-ideal backhaul are considered, the following delay values are assumed:

· Ideal backhaul: 0ms

· Non-ideal backhaul: 2ms, 5ms, 50ms(optional) 

· For URLLC multi-TRP performance evaluation, ideal and non-ideal backhaul are considered, the following delay values are assumed:

· Ideal backhaul: 0ms

· Non-ideal backhaul: 2ms, 5ms(FFS, optional)

· Companies to provide the delay values used in their evaluations

In our understanding, the URLLC requirements need to be satisfied for all possible deployment scenarios. The backhaul delay is between different TRPs and should not be directly related to air interface delay for URLLC. For example in the following deployment, the delay between DU1 and DU2 might be 2ms, but the delay between the CU and DU could be less than 1ms.  
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Proposal 1: The target scenarios of Rel-16 NR MIMO multi-TRP solution include the following:

· Ideal back-haul targeting throughput enhancement
· Ideal back-haul targeting robustness, satisfying URLLC requirement

· Non-ideal back-haul targeting throughput enhancement

· Non-ideal back-haul targeting robustness, satisfying URLLC requirement

Observation 1: The delay between different TRPs for non-ideal backhaul is not directly related to air interface delay.
Proposal 2: For non-ideal back delay with 2ms, URLLC services with delay requirement smaller than or equal to 2ms should also be satisfied.
3. Link level simulations for multi-TRP
In previous meeting, it was agreed that a subset of the evaluation scenarios/simulation assumptions are chosen for simulation in multi-TRP/panel. 
Agreement

For URLLC multi-TRP/panel performance evaluation, choose a subset of evaluation scenarios/assumptions agreed in the URLLC agenda item.
However, current discussion mainly focus on system level simulation. In our understanding, for the purpose of multi-TRP discussion in MIMO community, LLS simulation may be more important. Latency discussion may be based more on analytical discussion. Spectral efficiency is also not one of the focus for URLLC. Among all requirements, reliability should be the major focus for the MIMO community to take care of. Link level simulation would be enough for reliability simulation purpose.
Proposal 3: Evaluation for URLLC related multi-TRP techniques should mainly focus on link level simulation. 

For the link level simulation of URLLC, the multi-TRP related simulation assumptions may need to be further clarified. Independently generated channels/links with the assumption of power/SNR offset between different TRPs may be easiest choice. Granularity with 3dB power offset between TRPs might be a good choice. 

Proposal 4: Assumptions for link level simulation targeting URLLC requirements include

· Independent links between different TRP to the same UE

· Different SINR for the different links between different TRPs to the same UE.


· [0, 3, 6] dB could be used as initial choice for the offset between different TRPs.
4. Control signaling enhancement for multi-TRP/Panel
For the control signaling enhancement, the following agreement is achieved for possible down-selection in RAN1 #95.
Agreement

For eMBB multi-TRP/panel transmission down-select among the following in RAN1#95:

· Alt0: Support only single PDCCH design

· FFS: Whether multiple PDCCH design is also needed 

· Alt1: Support only multiple PDCCH design

· FFS: Whether single PDCCH design is also needed 

· Alt2: Support both multiple PDCCH and single PDCCH design

· FFS: PDCCH design for URLLC

Single PDCCH solution may mainly be applicable for ideal backhaul case. For non-ideal backhaul cases, single PDCCH would limit the scheduling flexibility and is obviously not a suitable option.

For single PDCCH scheduling single PDSCH, there are some other issues, e.g.  novel codeword mapping rules may need to be specified. Furthermore, the DMRS group may also need to be further defined and configured for UE to receive the transmission from two or more TRPs.

For single PDCCH scheduling multiple PDSCH, the resource allocation may be different for transmission from different TRPs. Such solution would require the DCI size to be increased dramatically and novel PDCCH design is required.

Multiple PDCCH scheduling multiple PDSCH independently would provide the most flexible framework for multi-TRP transmission. But the shortcomings are also obvious: increased PDCCH overhead or even increased number of blind decoding. For such option, depending on whether there is ideal backhaul, there might be PHY layer combination or PDCP layer duplication.

As discussed above, there might be quite a few solutions targeting different scenarios. A unified solution applicable for all scenarios is preferred rather than multiple solutions with each one for a specific scenario.

For UL transmission, similar solutions like the DL may also exist and a unified solution for UL non-coherent joint transmission targeting all the possible scenarios should be considered. 

Based on discussion in previous meeting, the following aspects are compared for single PDCCH approach and multi-PDCCH approach.
	
	Single PDCCH
	Multiple-PDCCH

	backhaul latency
	Mainly applicable for ideal backhaul. For non-ideal backhaul, there would large scheduling delay.
	Applicable for both ideal backhaul and non-ideal backhaul.

	downlink control overhead
	Depending on which scheme single PDCCH is using, the overhead might be different. If the single PDCCH is indicating two PDSCH with independent resource allocation and MCS etc, there would be quite large downlink control signaling overhead. If the single PDCCH is only indicating DCI with shared DCI fields, then the overhead might be small. 
	Multiple CORESETs may be needed to indicate transmission from multiple-TRP.

	specification impact (including RAN2 specs)
	Obviously much larger. For different scenarios, there would be different solutions.
	Much of the Rel-15 spec cab be reused, potentially, minimal RAN2 work is required 

	UE complexity (related to power control, timing adjustment, and blind detection) 
	UL power control is the same for single PDCCH and multi-PDCCH schemes.
In R16, it could be assumed that timing from multiple-TRPs are the same or within CP and need no further optimization.

For blind decoding and supported number of CCE, single PDCCH may have smaller requirement.
	UL power control is the same for single PDCCH and multi-PDCCH schemes.
In R16, it could be assumed that timing from multiple-TRPs are the same or within CP and need no further optimization.

Blind decoding requirement may be larger than single PDCCH scheme.

	DCI/UCI design 
	Larger spec impact for DCI with the single PDCCH to schedule more than 2 PDSCH;
UCI impact would be similar as multiple PDCCH if the single PDCCH is used to schedule more than one PDSCH.
	Rel-15 DCI design can be reused, no need to design new DCI format.
UCI impact would be similar for multiple PDCCH and single PDCCH if the single PDCCH is used to schedule more than one PDSCH.

	Scheduler flexibility
	Obviously rather limited
	Independent scheduling is much flexible

	intra-UE PUCCH/PUSCH transmission
	Limited when there are simultaneous DL grant and UL grant
	Possible to facilitate simultaneous transmission of PUCCH and PUSCH

	Rel-15 PDCCH blockage probability
	prone to blockage, especially in FR2, no reliability improvement
	PDCCH is more robust, reliability is improved

	CSI feedback
	CSI feedback schemes may depend on which single PDCCH scheme is specified
	Rel-15 CSI framework can be reused, potential improvement in CSI calculation may be needed


Proposal 5: It is preferred to have a unified DCI signaling solution applicable for all scenarios rather than multiple solutions with each for a specific scenario;
Proposal 6: For the down-selection between single PDCCH and multi-PDCCH, Alt 2 is supported.

5. DL transmission with multiple PDCCH
To facilitate DL transmission under multi-TRP scenarios, the network and the UE needs to be aligned that the simultaneous transmission from multiple TRP could be simultaneously received by the UE. 

Current beam based CSI feedback does not support such operation. For beam report, even if group based report is enabled, current behavior is that the UE could receive the two beams simultaneously but they may be received by the same beam or different beam. For the reception with the same beam, they are not suitable for majority multi-TRP scenarios. But when the network and the UE could be aligned on which panel UE is measuring and reporting the beams, it would be easier for the network to schedule the UE to transmit on two panels simultaneously. 
Based on beam report, the network could configure UE to report the CSI when UE assumes simultaneous reception of the two transmissions from the two TRPs.
Proposal 7: CSI feedback/beam report framework and CSI-RS configuration for multi-TRP/panel should be further enhanced to facilitate simultaneous reception of transmission from multiple-TRPs.
For beam indication for the PDSCH, the TCI indication may be interpreted differently for different CORESET. Typically, different TRPs are associated with different CORESET, with each CORESET having its own Tx and Rx beam or QCL assumptions. Supporting the active TCI state pool per CORESET is a reasonale choice to increase number of indicated TCI state.  

Proposal 8: For DCI indicated beam for PDSCH reception, the active TCI state pool could be defined per CORESET. 
6. UL transmission with multiple PDCCH
Last meeting there are 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 9: UL UE panel-specific operation should also satisfy URLLC requirement under ideal and non-ideal backhaul scenarios.

Rel-15 spec put a strong constraint on UE performing simultaneous UL transmission of multiple channels/RS. With 2Tx and multi-panel at UE, it is possible for UE to transmit multiple channels/RS simultaneously. Especially for URLLC scnearios, simultaneous UL transmission of UCI signaling or UCI plus PDCCH would facilitate low latency high reliability data transmission. We envision the possible simultaneous transmission cases includes PUCCH, PUSCH, SRS or even PRACH. 

Above simultaneous transmission of multiple channels may not only be limited to FR2, but also could be discussed for FR1.
Proposal 10: Simultaneous UL transmission of PUCCH, PUSCH, SRS or even PRACH should be studied for the multi-TRP/panel transmission.

Proposal 11: Simultaneous UL transmission should cover both FR1 and FR2.  
For high band 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 12: The following fields for UL transmission could be defined per CORESET:

· SRS resource indicator
· SRS request
· PUCCH resource indicator.  
Moreover, for URLLC scenarios, PDCP duplication is needed for non-ideal backhaul scenarios. The duplicated PDCP packet need to be transmitted to different TRPs. Thus to facilitate UL transmission for such scenarios, it is necessary to differentiate different TRPs at the PHY or MAC layer. 

 Proposal 13: To facilitate PDCP duplication in UL, it is necessary to differentiate TRPs at PHY or MAC layer.

7. Conclusion

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

Observation 1: The delay between different TRPs for non-ideal backhaul is not directly related to air interface delay.

Proposal 1: The target scenarios of Rel-16 NR MIMO multi-TRP solution include the following:

· Ideal back-haul targeting throughput enhancement
· Ideal back-haul targeting robustness, satisfying URLLC requirement

· Non-ideal back-haul targeting throughput enhancement

· Non-ideal back-haul targeting robustness, satisfying URLLC requirement

Proposal 2: For non-ideal back delay with 2ms, URLLC services with delay requirement smaller than or equal to 2ms should also be satisfied.

Proposal 3: Evaluation for URLLC related multi-TRP techniques should mainly focus on link level simulation. 

Proposal 4: Assumptions for link level simulation targeting URLLC requirements include

· Independent links between different TRP to the same UE

· Different SINR for the different links between different TRPs to the same UE.


· [0, 3, 6] dB could be used as initial choice for the offset between different TRPs.
Proposal 5: It is preferred to have a unified DCI signaling solution applicable for all scenarios rather than multiple solutions with each for a specific scenario;
Proposal 6: For the down-selection between single PDCCH and multi-PDCCH, Alt 2 is supported.

Proposal 7: CSI feedback/beam report framework and CSI-RS configuration for multi-TRP/panel should be further enhanced to facilitate simultaneous reception of transmission from multiple-TRPs.
Proposal 8: For DCI indicated beam for PDSCH reception, the active TCI state pool could be defined per CORESET. 
Proposal 9: UL UE panel-specific operation should also satisfy URLLC requirement under ideal and non-ideal backhaul scenarios.

Proposal 10: Simultaneous UL transmission of PUCCH, PUSCH, SRS or even PRACH should be studied for the multi-TRP/panel transmission.

Proposal 11: Simultaneous UL transmission should cover both FR1 and FR2.  
Proposal 12: The following fields for UL transmission could be defined per CORESET:

· SRS resource indicator
· SRS request
· PUCCH resource indicator.  
Proposal 13: To facilitate PDCP duplication in UL, it is necessary to differentiate TRPs at PHY or MAC layer.
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