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1 Introduction
In NR Rel-15, 3GPP has made significant progress for supporting some basic operations of multi-TRP/panel, such as Coordinated Scheduling (CS)/Coordinated Beamforming (CB), DPS/DPB and multi-panel transmission based on multi-panel codebook. However, these operations cannot be implemented efficiently for practical scenarios with non-ideal backhaul or support further improvement of cell-edge/cell-average performance with better network coordination. It is well known that CS/CB and DPS/DPB mainly target at cell edge performance with only small/moderate cell average performance gain. To address above issued, the following agreements were achieved in WG1 meeting during Rel-15 which were not further discussed due to time limitation: 

· NR supports downlink transmission of the same NR-PDSCH data stream(s) from multiple TRPs at least with ideal backhaul, and different NR-PDSCH data streams from multiple TRPs with both ideal and non-ideal backhaul [1]
· Adopt the following for NR reception [2]:

· Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs

· Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP

· The maximum supported number of NR-PDCCHs corresponding to scheduled NR-PDSCHs that a UE can be expected to receive in a single slot is 2 on a per component carrier basis in case of one bandwidth part for the component carrier [3]
The WID for NR MIMO enhancements in Rel-16 was approved in RAN meeting #80 [4], with following objective to enhance multi-TRP/panel transmission with both ideal and non-ideal backhaul: 

· 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

The agreements from Rel-15 can be considered as the starting point of Rel-16 enhancement of multi-TRP/panel transmission. Therefore in this contribution, we provide SLS results targeting at higher spectral efficiency of eMBB and also some considerations of NR system design at high level for multi-TRP/panel transmission in Rel-16. 
2 Discussion
2.1 SLS of Rel-16 multi-DCI based multi-TRP Transmission
Multi-TRP/panel transmission like NCJT, can provide UE-centric and boundary-less experience for users, especially improving the UE experience in cell-edge. Figure 1 presents the performance gain of NCJT schemes over the baseline with single TRP transmission. For NCJT transmission, the scheduling and precoder are independent between TRPs, which is not limited by backhaul, and each TRP transmits single layer to the UE. The MMSE-IRC receiver is used for SLS baseline and enhancement simulations. The performance results in terms of 5% UPT, 50% UPT and mean UPT at 20% and 40% resource utilization (RU) in SU-MIMO and MU-MIMO respectively, are presented in Figure 1. Other parameters can be found in Table-I in Appendix. Moreover, plenty of study of multi-TRP/panel transmission have been done in Rel-15 in RAN1 whereas more simulation results can be found in TR 38.802 [5] and R1-1703340 [6] for NCJT performance.

In Figure 1, NCJT scheme has better performance than non-CoMP for the three types of UPT, especially for the 5% UPT which has over 60% gain at 20% RU, about 80% gain at 40% RU for SU-MIMO and about 46% gain at 20% RU, over 51% gain at 40% RU for MU-MIMO.
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Figure 1: Performance gain of NC-JT scheme over non-CoMP 
It can be seen that for both SU-MIMO and MU-MIMO, NC-JT has a significant gain over single TRP transmission, especially for cell edge UEs which can benefit from higher order of transmission layers from multiple TRPs, and also a smooth transition/switch among TRPs in a serving cell in terms of performance. 
Observation 1: NCJT scheme with multiple PDCCH/DCI can provide a significant performance gain over non-CoMP transmission with about 13%~25% cell average gain and about 45%~80% cell edge gain.
2.2 Considerations for multi-DCI based Transmission over Non-ideal Backhaul
Multi-DCI based multi-TRP transmission was agreed in WG1 meeting during Rel-15 [2], which can be found in the section of introduction. As shown in Figure 2, multiple NR-PDCCHs schedule NR-PDSCHs respectively and each NR-PDSCH is transmitted from a separate TRP. Such feature is beneficial especially when different TRPs are interconnected by non-ideal backhaul, since joint scheduling may not be feasible or extremely limited due to the delay of information exchange, e.g. CSI/data/scheduling, among TRPs. As agreed in RAN1#93 meeting, the previous agreements in Rel-15 should be as a start point for further releases. So, multi-DCI based multi-TRP transmission should be supported in Rel-16 [8].
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Figure 2. An illustration of multiple DCIs based multi-TRP transmission
2.2.1 Downlink related design consideration
2.2.1.1 PDSCH resource allocation

Figure 3 presents the performance gain of NCJT schemes with “Independent RA” and “Non-overlap RA” ways of resource allocations using rank 1 SU-MIMO over the baseline with single TRP SU-MIMO transmission. The performance in terms of 5% UPT, 50% UPT and mean UPT with 20% and 40% RU is presented in Figure 3. 
· Independent RA: No restriction PRB allocation per TRP, e.g. each UE can receive PRB allocation independently with two DCIs (NCJT) where PRB allocation can be fully/partial/non-overlapped PRBs from two TRPs.

· Non-overlap RA: Non-overlapped PRB allocation with pre-configured data resource pool per TRP.
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Figure 3. Performance of different resource allocation schemes over non-NCJT
In Figure 3, “Independent RA” scheme can show much better performance than “Non-overlap RA” scheme for all values of RU, e.g. for the 5% UPT which has over 16.5% gain at 20% RU and about 16.1% gain at 40% RU. “Non-overlap RA” scheme has restriction on resource allocation, which makes NW cannot make full use of the resource. In addition, due to the non-ideal backhaul, some kinds of pre-configured on resource for “Non-overlap RA” scheme is needed which is not suitable for the dynamic scheduling. Achieving orthogonal PRB allocations among TRP for a given UE can be quite challenge, which is similar with ICIC/eICIC in LTE, especially in a non-ideal backhaul environment which may not be able to take into account the latest CSI and real-time PRB allocation per TRP. 
Observation 2: Independent resource allocation can provide much better performance than non-overlap resource allocation for multi-DCI based transmission over non-ideal backhaul, with additional 16% cell edge gain over the baseline.
If implementing any restriction on RA, e.g. “full overlap” or “non-overlap” PRB among TRPs, and also considering the condition of non-ideal backhaul, some kinds of semi-static time/frequency/space resource partition is needed among TRPs. This mechanism is always sub-optimal compared to dynamic scheduling and complicated in terms of NW optimization.  
2.2.1.2  Scrambling of PDSCH

At various instances of the transmit signal generation process, scrambling is an important technique to randomize interference, which can avoid persistent interference between different signals and undesired signal spectrum properties. In R15, the PDSCH transmission is scrambled by a pseudo-random sequence, which is initialized by the RNTI associated with the PDSCH, higher-layer PDSCH scrambling parameter and so on. For multi-DCI based NCJT, based on current NR specification, the scrambling sequence for PDSCHs from different TRPs in the same serving cell is the same for a UE, which may introduce persistent interference between PDSCHs from different TRPs. So in order to whiten PDSCH interference among TRPs, the scrambling sequence for PDSCHs scheduled by different DCIs in same slot should be considered.
2.2.1.3 UE procedure of NR-PDCCH detection
In order to support multi-DCI based multi-TRP transmission, it was agreed that a UE can expect to receive multiple NR-PDCCHs in a single slot in Rel-15. As agreed in [3], the maximum supported number of NR-PDCCHs that a UE can expect to receive in a single slot is 2. Thus UE behaviour with multiple NR-PDCCH detection shall be discussed and clarified. The reason is that according to current specification, UE is likely to stop PDCCH scheduled PDSCH detection, once it detects a PDCCH corresponding to schedule PDSCH.
2.2.2 Uplink related design consideration
2.2.2.1 UL transmission approach for ACK/NACK and CSI
It may be necessary to reconsider the design of PUCCHs/PUSCHs conveying ACK/NACK and CSI associated with multiple PDSCH transmission. For multi-DCI based multi-TRP transmission over non-ideal backhaul, the following two approaches can be considered as the starting point of discussion for PUCCH conveying HARQ ACK/NACK signalling:  

• Single-PUCCH approach: As shown in Figure 4(1), the ACK/NACK signalling of PDSCHs scheduled by multiple PDCCHs shares the same PUCCH transmission resource. However, this scheme may introduce ACK/NACK delay in non-ideal backhaul scenario. In addition, in some cases UE may be confused if two DCIs indicate different PUCCH resources.

• Multi-PUCCH approach: As shown in Figure 4(2), the independent PUCCH transmission for HARQ ACK/NACK signalling associated with each of multiple PDSCHs is considered, which means there is one-to-one mapping between PUCCH conveying HARQ ACK/NACK signalling and PDCCH/PDSCH. In this case, HARQ ACK/NACK related PUCCH resource corresponding to each PDSCH is indicated in the corresponding DCI.
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Figure 4. An illustration of PUCCH for ACK/NACK feedback
In terms of CSI feedback over non-ideal backhaul, similar with ACK/NACK feedback, there also have two approaches. All CSI reports can be aggregated and fed back to one TRP which will rely on CSI to adjacent TRP(s). And the delay of CSI reporting for targeted TRP due to non-ideal backhaul may cause performance loss. Alternatively, CSI reports can be fed back to TRP(s) independently to avoid the exchange of CSI over the non-ideal backhaul. 

2.2.2.2 HARQ process design issue
For multiple NR-PDCCHs reception, UE should demodulate and detect data in multiple NR-PDSCHs with separate HARQ process, otherwise the ambiguity of HARQ process number indicated in DCIs scheduling NR-PDSCHs from different TRPs will lead to errors in HARQ related operations. If two DCIs indicates the same HARQ ID, the UE cannot distinguish the PDSCHs scheduled by different DCIs and have confusion in the HARQ process, as shown in Figure 5. 

So in order to ensure the UE behaviour to distinguish NR-PDCCHs scheduling NR-PDSCHs from different TRPs and handle NR-PDSCHs properly with associated HARQ processes, the design of HARQ processes indicated by multiple DCIs should be discussed. 
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Figure 5. An example of HARQ process ambiguity
In summary, we have following proposal for multi-DCI based transmission over non-ideal backhaul.
Proposal 1: For specifying the multi-DCI based multi-TRP transmission, at least following aspects should be considered to be independent for individual TRP: 

· Downlink related parameters/procedures
-          PDSCH Resource allocation 

-          Scrambling sequence of PDSCH 

-         NR-PDCCH detection 

· Uplink related parameters/procedures
-          UL transmission conveying ACK/NACK and CSI 

-          HARQ process 

2.2.3 CSI enhancement for multi-TRP transmission

In Rel-15, one report can be linked to three CSI-RS resource settings. And as shown in Figure 6, the first one resource setting is for channel measurement, the second one is for ZP based interference measurement and the third one is for NZP based interference measurement. Based on this configuration, NZP CSI-RS based interference measurement might be used for multi-TRP transmission, which is shown in Figure 7. 
However NZP CSI-RS based interference measurement is only supported for AP-CSI reporting, which means if NZP CSI-RS based interference measurement is used for multi-TRP transmission, the CSI measurement of multi-TRP transmission would not support for P-CSI reporting and SP-CSI reporting. Moreover PMI should be feedback in advance for beamformed CSI-RS, so more reports and resources are need for the CSI measurement of multi-TRP transmission which is based on NZP CSI-RS based interference measurement. 
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Figure 6. A diagram of CSI reporting setting Configuration
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Figure 7. Multi-TRP transmission CSI measurement using NZP CSI-RS based IM in R15
In addition, it is hard to achieve the real scheduling of coordinating TRPs before the scheduling stage, especially for the non-ideal backhaul. UE may be scheduled by one TRP or simultaneously scheduled by multiple TRPs to perform NCJT dynamically. As a result, there is a probability that the interference hypothesis is mismatched with actual interference of PDSCH transmission. Pre-scheduling is an effective method to solve this problem. When the NW want to get accurate CSI results, NW can consider to use pre-scheduling based CSI measurement. Therefore, NZP-based interference measurement in Rel.15 is a start point of CSI acquisition for NCJT. Another option is that, NW determines the scheduling, e.g. single TRP transmission or NCJT, and convey the prior scheduled information to UE through the number of DCIs for CSI reporting trigger. If two DCIs of CSI request are received in a slot, it means that UE will be scheduled by two DCIs. If only one DCI is received, the single TRP transmission will be scheduled. It would be beneficial if the UE knows in advance the information of scheduling of coordinating TRPs. 
Observation 3: CSI enhancement for multi-DCI based multi-TRP transmission over non-ideal backhaul can be studied.
2.3 Considerations for single-DCI based Transmission over Ideal Backhaul
Single DCI based multi-TRP transmission was agreed in WG1 meeting during Rel-15 [2]. As shown in Figure 8, single NR-PDCCH schedules single NR-PDSCH where separate layers can be transmitted from separate TRPs. However, due to Rel-15 time limitation, some discussion for single DCI based multi-TRP/panel transmission have been postponed.  
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Figure 8. An illustration of single DCI based multi-TRP transmission
2.3.1 CW to layer mapping 

For single DCI based NCJT, if the number of total data layers L is no more than 4 for a UE, according to the current CW to layer mapping scheme in Rel-15, only one codeword can be scheduled for a given UE. Different layers may be from different TRPs, in which case the antenna ports (DMRS ports) of different TRPs are considered as non-QCLed, and the channel quality has a significant gap between the two links. 

In such cases, a common MCS is insufficient to quantize the difference of two links. If the MCS are calculated to meet better quality link, the link with poor quality may have a high probability of decoding error. But if the MCS are adjusted to meet the channel condition of the link with poor quality, then the overall system performance is far from expectation, which is shown as Figure9. The detailed simulation assumptions are shown as following and other parameters can be found in Table-I in Appendix.
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Figure 9. Performance of different CW to layer mapping schemes
In Figure 9, 2CWs-to-2layers has better performance than 1CW-to-2layers for the three types of UPT, for example, the 5% UPT has over 50% gain at 20% RU, over 55% gain at 40% RU about 65% gain at 60% RU and the mean UPT has over 25% gain at 20% RU, over 23% gain at 40% RU about 22% gain at 60% RU. So considering the significant difference of channel quality between two TRPs, in order to improve the performance of single DCI based multi-TRP/panel transmission, CW to layer mapping enhancement shall be discussed in Rel-16.
Observation 4:  2CWs-2 layers mapping can provide better performance than 1CW-2 layers mapping with about 20% cell average gain, and about 50% cell edge gain, due to the mismatch between single MCS and multiple TRP links.
2.3.2 QCL enhancement
The TRPs can be geographically separated, resulting in quite different transmission path from different TRPs.

· Average delay and delay spread: Different propagation delay from two geographically separated TRPs naturally result in different average delay. The timing window at UE side needs to meet each TRP transmission, which requires different QCL setting for ports from separated TRPs. Consider UMa/UMi ISD, the delay difference can be up to 1.67us. Moreover, the TRPs may not be perfectly synchronized. This synchronization difference add to more difference.
· Doppler shift and Doppler spread: The UE moving speed and direction contribute to different Doppler parameters for two TRPs. The maximum difference between channels of ports form two TRPs is 2vf/c, where v is the speed, f is the carrier frequency and c is the light sped. For a NR UE with walking speed, the maximum frequency shift can be x10~x100 Hz. Moreover, the local oscillator frequency shift adds more frequency differences. The accuracy of each carrier at single TRP can be ±0.05 ppm or ±0.1 ppm. The frequency offset from two TRPs at 2GHz carrier frequency can be up to 400Hz for ±0.1 ppm accuracy oscillator. 
If the UE is only provided with one TCI state for one PDSCH transmitted from two TRPs, the UE can only adjust its timing window, and conduct frequency tracking according to one of the TRPs, then the PDSCH demodulation performance loss is expected. The below figure shows demodulation performance of such case (Simulation assumptions are shown in Table-II in Appendix). Suppose the UE can only conduct perfect timing/frequency tracking to ports from one TRP, and signal on ports from the other TRP remains extra timing or frequency offset not compensated. We can see that the performance is much worse. Thus to ensure the demodulation performance, the QCL assumption for ports from different TRPs should be enhanced.
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Figure 10. Performance of QCL enhancement for NCJT
Observation 5: Performance limitation due to single TCI assumption for PDSCH can be observed even with a small frequency offset/time difference, which can give rise to around at least 4dB performance gap starting from 4dB SNR.
2.3.3 DMRS port indication 
For multi-TRP/panel scenario, as DMRS ports from different TRPs are generally non-QCLed, they should be divided into different QCL groups. This principle, however, has not been considered in the DMRS port indication in Rel-15 whereas DMRS ports are generally assumed within one QCL group. So most entries of the current DMRS port indication tables in TS38.212 [7] are not suitable for single DCI based multi-TRP/panel transmission. For example, DMRS ports of 29th entry from Table 7.3.1.2.2-2 in TS38.212 [7] is {0, 1, 4, 5}, which belong to the same CDM group. As it has been agreed that DMRS ports within each CDM group are QCL-ed, so this entry is not suitable for multi-TRP/panel transmission, since DMRS ports from different TRPs are generally non-QCLed in multi-TRP/panel scenario. In addition, if the CW to layer mapping is enhanced, e.g. 2CWs is supported for 2~4 layers, the DMRS port indication should be changed correspondingly. Therefore, DMRS port indication enhancement should be specified for multi-TRP/panel transmission.
As analysed above, in order to enhance the performance of single DCI based multi-TRP/panel transmission, we have the following proposal.

Proposal 2: For specifying the single DCI based multi-TRP/panel transmission, following aspects should be considered: 

· Mapping Two CW to two or more layers 

· Multiple TCI states for PDSCH with single DCI
· DMRS port indication enhancement
3 Conclusion
This contribution discusses the overview on the technical enhancements for multi-TRP/panel transmissions in Rel-16. In summary, the following proposals are made. 
Observation 1: NCJT scheme with multiple PDCCH/DCI can provide a significant performance gain over non-CoMP transmission with about 13%~25% cell average gain and about 45%~80% cell edge gain.
Observation 2: Independent resource allocation can provide much better performance than non-overlap resource allocation for multi-DCI based transmission over non-ideal backhaul, with additional 16% cell edge gain over the baseline.

Observation 3: CSI enhancement for multi-DCI based multi-TRP transmission over non-ideal backhaul can be studied.
Observation 4:  2CWs-2 layers mapping can provide better performance than 1CW-2 layers mapping with about 20% cell average gain, and about 50% cell edge gain, due to the mismatch between single MCS and multiple TRP links.
Observation 5: Performance limitation due to single TCI assumption for PDSCH can be observed even with a small frequency offset/time difference, which can give rise to around at least 4dB performance gap starting from 4dB SNR.
Proposal 1: For specifying the multi-DCI based multi-TRP transmission, at least following aspects should be considered to be independent for individual TRP: 

· Downlink related parameters/procedures
-          PDSCH Resource allocation 

-          Scrambling sequence of PDSCH 

-         NR-PDCCH detection 

· Uplink related parameters/procedures
-          UL transmission conveying ACK/NACK and CSI 

-          HARQ process 

Proposal 2: For specifying the single DCI based multi-TRP/panel transmission, following aspects should be considered: 

· Mapping Two CW to two or more layers 

· Multiple TCI states for PDSCH with single DCI
· DMRS port indication enhancement
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Appendix
Table-I System-level simulation parameters for PDSCH resource allocation
	Parameters
	Values

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites, 

	Duplex mode 
	TDD

	Inter-BS distance 
	200m

	Carrier frequency 
	4GHz

	Simulation bandwidth
	10MHz

	Channel model
	SCM-3D-Uma

	BS Tx power 
	41dBm

	BS antenna configuration
	(M, N, P, Mg, Ng) =  (2, 4, 2, 1, 1) /(2,2,2,1,1) ; (dH,dV) = (0.5, 0.8)λ

	BS antenna height 
	25m

	UE antenna configurations 
	(M, N, P, Mg, Ng) = (1, 1, 2, 1, 1)/(1, 2, 2, 1, 1); dH = 0.5λ; The polarization angles are 0 and 90

	UE antenna height
	Follow TR36.873

	UE antenna gain
	Follow TR36.873

	UE receiver noise figure
	9 dB

	Traffic model
	Non-full-buffer

	UE distribution
	80% Indoor, 3km/h;20% Outdoor, 30km/h

	Scheduler
	PF

	HARQ scheme
	CC with up to 3 retransmissions

	UE receiver type
	MMSE-IRC

	Channel estimation
	Ideal

	MIMO mode
	SU-MIMO/MU-MIMO with rank adaptation


Table-II Link-level simulation parameters for QCL enhancement 
	Parameters
	Values

	Carrier frequency 
	2GHz

	Simulation bandwidth
	10MHz

	Channel model
	RAYS-EPA 3km/h

	BS antenna configuration
	(M, N, P, Mg, Ng) =  (1, 2, 2, 1, 1); 0.5λ spacing; cross-polarized

	UE antenna configurations 
	(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1); 0.5λ spacing; cross-polarized

	HARQ scheme
	Max 4 retransmissions

	UE receiver type
	MMSE-IRC

	Channel estimation
	Real

	MIMO mode
	SU-MIMO with rank adaptation

	Link adaptation
	Soft OLLA targeting 10% BLER

	Metric
	Throughput[Mbps/Hz]


