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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 this paper, we share our initial thoughts on enhancements on multi-TRP/panel transmission in Rel-16. 

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, it is currently under discussion in URLLC section. 
	Use case
(Clause #)
	Reliability (%)
	Latency (ms)
	# of UEs
(per cell)
	Data packet size and traffic model
	Description 

	Transport Industry

(22.186: 5.5)
	[99.999]
	[5] (end to end latency)
	[30] 


	DL: [TBD] byte; ftp model 3 with arrival interval [TBD] s

UL: [TBD] byte; Periodic with arrival interval [TBD] s 
	Remote driving 



	Power distribution

(22.804:5.6.4 &5.6.6)
	99.9999
	5(end to end latency)
	8
	[80] byte 

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

	
	[99.999] 
	15(end to end latency)
	8
	250 byte 

Periodic and deterministic with arrival interval 0.833 ms
	Differential protection

	Factory automation

(22.804: 5.3.2)
	99.9999
	[2](end to end latency)
	 [4, 40]
	20 byte, 50 byte
Periodic and deterministic traffic model
	Motion control

	Rel-15 enabled use case (e.g. AR/VR)
	99.999 
	[1ms] (air interface delay)
	1, 5, 10, 20
	[32, 256] bytes 

FTP model 2/3 or periodic with different arrival rates
	Companies report the combination of the requirement 


Multi-TRP techniques and solutions specified in Rel-16 should be applicable all above scenarios. For URLLC part, the requirement should be aligned with what is defined in the corresponding WI. 
For the definition of ideal and non-ideal backhaul, it needs some clarification at least regarding how much delay and throughput it may have for each case.
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: The URLLC requirement for which the multi-TRP solutions should satisfy is aligned with what is defined in URLLC WID.

Proposal 3: Ideal and non-ideal backhaul should be clarified regarding how much delay is involved. 
3. Control signaling enhancement for multi-TRP/Panel
For the following scope in multi-TRP discussion, both DL and UL transmission satisfying URLLC requirement and increasing system spectral efficiency need to be discussed:

· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission

Proposal 4: Both DL and UL non-coherent joint transmission should be discussed under the multi-TRP/Panel scope, targeting all the possible scenarios.

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 one each 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. 

Proposal 5: It is preferred to have a unified DCI signaling solution applicable for all scenarios rather than multiple solutions one each for a specific scenario;
Proposal 6: Multiple DCIs scheduling multiple PDSCHs/PUSCHs from multiple TRPs should be the starting point for further discussion.

4. CSI feedback and RS for multi-TRP/Panel
For the part of CSI feedback and RS:

· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
In our understanding, the issues that need to be studied include the following:

· CSI feedback for multi-TRP/panel

· RS enhancement including CSI-RS/DMRS/PTRS/SRS

· Simultaneous UL transmission of PUCCH/PUSCH/SRS
4.1 CSI feedback for multi-TRP/Panel

CSI feedback framework designed in Rel-15 is mainly focused on single TRP cases where the CSI is determined on the CSI-RS/SSB from a single TRP. The design of CSI feedback for multi-TRP/panel highly relies on the multi-TRP/panel transmission schemes.

If multiple PDSCHs is transmitted from separate TRPs, independent CSI reports with PMI/RI/CQI can be configured by the Rel-15 CSI feedback framework. But efficient ways of reporting multiple CSIs for multiple TRPs can be considered to let the gNB acquire the CSI for multiple TRPs with low latency and less controlling overhead. For example, configure multiple CSIs for multiple TRPs into one CSI report setting.

If a single PDSCH is transmitted from multiple TRPs with novel codeword mapping rules mentioned in section 3, the CSI computation method could differ from the current methods in deriving a single CSI from multiple CSI-RS resources transmitted by different TRPs.

Proposal 7: Enhanced CSI feedback framework and CSI-RS configuration for multi-TRP/panel should be fully evaluated to justify its gains against the baseline Rel-15 scheme.
4.2  Simultaneous UL transmission for NC JT
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 8: Simultaneous UL transmission of PUCCH, PUSCH, SRS or PRACH should be studied for the multi-TRP/panel transmission.

Proposal 9: Simultaneous UL transmission of PUCCH, PUSCH, SRS or PRACH should cover both FR1 and FR2.  
5. Evaluation methodologies
FR1 might be the major focus of the frequency range for the simulation campaign under multi-TRP  transmission objective. Although FR2 is also within the scope of WID, system level simulation in FR2 should not be the focus. However, it is not prevented to use simulation assumptions decided under multi-beam operation objective for evaluations in FR2 if one chooses to do so. .
Proposal 10: Simulation assumptions of multi-TRP focus on FR1.

· This does not imply that FR2 is not within the scope of multi-TRP

· Simulation assumptions decided for multi-beam operation objective could be used for evaluations in FR2. 

As discussed above, there are different scenarios involved in the scope. Different issues should be evaluated in different ways targeting different goals and necessity. For URLLC related evaluations, link level simulation would suffice to guarantee the basic URLLC reliability requirement is satisfied. The main goal of this objective is to satisfy the requirement of reliability and robustness for URLLC and system throughput enhancement is not the priority. 
Proposal 11: Evaluation for URLLC related techniques should focus on link level simulation. 

· System level simulation results may supplement link level results up to companies’ choice.
For the link level simulation of URLLC, the multi-TRP related simulation assumptions, especially channel model should be well calibrated. 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 12: 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.
· Sufficient calibration for the baseline performance under multi-TRP channel  
For the purpose of system throughput enhancement, system level simulation should be conducted. Since ideal and non-ideal backhaul are both within the scope, the definition of ideal and non-ideal backhaul should be clarified. For the purpose of evaluation, it is not necessary to differentiate too many cases of non-ideal backhaul. A single value of delay might be enough. 

Proposal 13: For the evaluation purpose, the definition of ideal BH and non-ideal BH should be clarified.
At least the two scenarios of UMi with ISD equal to 200m and InH should be simulated. Dense urban with HetNet deployment, regardless of whether they are the same frequency layer or not, may not be worthy of spending too much time on. It could be seen from past experience that companies spend too much of their energy on defining the details of HetNet simulation assumptions but very few companies would finally provide the results. For the progress of the whole item, it is beneficial that we only focus on limited scenarios.

Proposal 14: Evaluation of multi-TRP may only focus on InH and UMi with 200m ISD scenarios.

· It is up to companies’ choice to provide results for other scenarios.
 For each scenario, the coordination cluster size should also be clarified. Coordination may not be limited to sites with ideal BH. For InH scenario, all the sites are possible to be coordinated. For UMi scenarios, all sectors within a size of 3 sites could be included in the cluster. It should be noted that ideal BH does not necessarily have to be assumed between different sites within the cluster. For non-ideal BH simulations, further clarification for the BH between different sites might be needed. 

Proposal 15: The coordination cluster size should also be clarified for InH and UMi scenarios.
6. Conclusion

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

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: The URLLC requirement for which the multi-TRP solutions should satisfy is aligned with what is defined in URLLC WI.

Proposal 3: Ideal and non-ideal backhaul should be clarified regarding how much delay is involved. 
Proposal 4: Both DL and UL non-coherent joint transmission should be discussed under the multi-TRP/Panel scope, targeting all the possible scenarios.

Proposal 5: It is preferred to have a unified DCI signaling solution applicable for all scenarios rather than multiple solutions with each for a limited scenario;
Proposal 6: Multiple DCI scheduling multiple PDSCH/PUSCH from multiple TRP should be the starting point for further discussion.

Proposal 7: Enhanced CSI feedback framework and CSI-RS configuration for multi-TRP/panel should be fully evaluated to justify its gains against the baseline Rel-15 scheme.
Proposal 8: Simultaneous UL transmission of PUCCH, PUSCH, SRS or PRACH should be studied for the multi-TRP/panel transmission.

Proposal 9: Simultaneous UL transmission of PUCCH, PUSCH, SRS or PRACH should cover both FR1 and FR2.  
Proposal 10: Simulation assumptions of multi-TRP focus on FR1.

· This does not imply that FR2 is not within the scope of multi-TRP

· Simulation assumptions decided for multi-beam operation objective could be used for evaluations in FR2.  

Proposal 11: Evaluation for URLLC related techniques should focus on link level simulation. 

· System level simulation results may supplement link level results up to companies’ choice.
Proposal 12: 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.
· Sufficient calibration for the baseline performance under multi-TRP channel  
Proposal 13: For the evaluation purpose, the definition of ideal BH and non-ideal BH should be clarified.
Proposal 14: Evaluation of multi-TRP may only focus on InH and UMi with 200m ISD scenarios.

It is up to companies’ choice to provide results for other scenarios.
Proposal 15: The coordination cluster size should also be clarified for InH and UMi scenarios.
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Annex

Table-1 Configurations for system simulation
	Parameters
	Scenario A
	Scenario B

	Type
	Indoor Hotspot (Figure A-1)
	Urban Micro (Figure A-2)

	ISD
	According to 38.901
	200m

	Carrier frequency
	3.5GHz

	Coordination cluster size for ideal backhaul
	All sites
	3 macro sites, 7 macro sites is optional, other coordination cluster size are not precluded

	Numerology and System Bandwidth
	30kHz 20MHz (50RBs)

	Channel model
	38.901

	TP antenna configuration (M,N,P)
	For 12TRxP: 
     - For 32T, (M,N,P,Mg,Ng; Mp,Np) = (4,4,2,1,1;4,4)
	For 32T: (M,N,P,Mg,Ng; Mp,Np) = (8,8,2,1,1;2,8)
(dH, dV)=(0.5, 0.8)λ

	TP Tx power
	24dBm
	41dBm

	UE antenna configuration
	For 12TRxP: 
    - For 4R, (M,N,P,Mg,Ng; Mp,Np) = (1,2,2,1,1; 1,2)
(dH,dV) = (0.5, 0.5)λ

	UE receiver noise figure
	9 dB

	Traffic model
	Non full buffer FTP traffic model 2/3

	Traffic load (Resource utilization)
	<5%, 20%, 40%, 70%

	UE receiver
	MMSE-IRC 

	Feedback assumption
	Ideal feedback / Non-PMI based feedback     

	Channel estimation
	Realistic

	Backhaul link delay
	0ms, 5ms

	Performance Metric/Parameters
	- Mean, 5%, 50%, 95% user throughput

- Served cell throughput

- Resource utilization (RU)

- Packet arrival rate λ


[image: image1.png]



