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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 UE performance with only small/moderate cell average performance gain. To address above issues some agreements were achieved in WG1 meeting during Rel-15 timeframe which were not further discussed due to time limitation. 
The WID for NR MIMO enhancements in Rel-16 was approved in RAN meeting #80 [1] and further revised in #81 [2], with the following objectives 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
· Multi-TRP techniques for URLLC requirements are included in this WI.
Based on the updated WID [2] clarifying that multi-TRP techniques for URLLC requirements are included in this WI, this emphasises the importance of multi-TRP techniques to help achieving stringent URLLC requirements.  The reliability and robustness are important for V2X/URLLC/Remote-Driving and high speed train scenario since propagation channel conditions and service requirements (high reliability and low latency) are very challenging with much higher mobility. Moreover, with mobility, UEs find themselves to be in cell-edge area frequently. Hence, the design of multi-TRP transmission with improved reliability and robustness can be valuable and critical for URLLC/Remote-Driving, V2X and high speed train use cases. 

In this contribution, we provide an overview of enhancements for multi-TRP/panel transmission for both eMBB and URLLC which need to be specified and studied in Rel-16 based on analysis and evaluation. As we already spent great effort in Rel-15 to discuss multi-TRP transmission, including non-coherent transmission and achieved some important agreements, these agreements should be taken as a good starting point. The structure of this contribution is as follows: 
· Section 2 discusses preferred simulation assumption for eMBB and URLLC with multi-TRP transmission;

· Section 3 discusses some key Rel-15 agreements related to multi-TRP/panel whereas all Rel-15 agreements related to multi-TRP/panel are also summarized in Appendix II for reference;

· Section 4 provides an overview of enhancements for multi-TRP/panel transmission for both eMBB and URLLC in Rel16.
2 Simulation assumption for multi-TRP transmission
To improve eMBB and URLLC performance in Rel-16 with multiple TRP transmission, we can start mainly with simulation parameters agreed in TR 38.802 [3] for associated link/system level simulation assumptions. This TR has been widely used in NR and LTE so that simulation assumptions have been well calibrated and acknowledgeable. 
The system level simulation (SLS) parameters for multi-TRP eMBB are summarized in Table 1. Basically the SLS parameters for eMBB with multi-TRP can follow TR 38.802. And for backhaul delay assumption, section A.1 and A.2 in TR 36.874 can be a starting point with latency values of {5, 50} ms for non-ideal backhaul and {0} ms for ideal-backhaul.
Table 1 SLS simulation assumptions for eMBB with multi-TRP 
	Parameters
	Description

	Carrier frequency
	4GHz

	Subcarrier spacing
	15kHz/30kHz

	System Bandwidth
	20MHz per CC 

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

	Scenario
	Urban Macro, Dense urban (single/dual layer)

	TP antenna configuration
	According to Table A.2.5-1 in TR 38.802

	UE antenna configuration
	(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
Other values are not precluded.

	UE distribution
	80% indoor, 3km/h; 20% outdoor, 30km/h; 10 users per sector

	UE receiver
	MMSE-IRC

	Traffic model
	Non-full buffer, FTP traffic model 1/3 with data packet size 0.5Mbytes

	Traffic load
	20%, 40%, 60%, 80%(optional)

	Backhaul link delay
	0/5/50ms

	MIMO mode
	SU/MU dynamic switching 


For URLLC simulations, based on the parameters in TR 38.802 for URLLC, some SLS performance metrics and parameter values can be updated to represent more challenging URLLC use cases. Multi-TRP transmission techniques are valid techniques to tackle significant challenges posed by those use case and key solutions to overcome them. Brief justifications for the updates are given as follows: 
Reliability and latency requirements: As described in TR 38.913[4], a general URLLC reliability requirement for one transmission of a packet is 1-10-5 for 32 bytes with a user plane latency of 1ms, so the reliability of 99.999% with 1ms air interface delay can be considered as the start point. In addition, according to TR 22.886 [5], the reliability of 99.999% and 2ms air interface delay (i.e. 5ms end-to-end delay – 3ms core network delay) are required for a large packet size in remote driving use case. Hence, these requirements should also be considered.
Metrics: the following two options for SLS performance metric can be considered as discussed in [6]. 

· Option 1: Percentage of users satisfying reliability and latency requirements 

· Applicable for the case with fixed number of UEs and fixed traffic model per UE 

· Option 2: URLLC capacity as defined in TR 38.802 

· Applicable for the case that the number of UEs and/or the data arrival rate is adjustable 

· FFS the value of X (e.g. 5% or 0%) 

The evaluation of the URLLC capacity in option 2 requires varying the number of UEs and/or the data arrival rates, which can increase simulation effort. Hence, at least option 1 should be considered, though option 2 is not precluded. 

Traffic model and packet size: As mentioned in “Reliability and latency requirements”, 32 bytes is the packer size for a general URLLC reliability, which can be considered in the simulation for URLLC with multi-TRP transmission. In addition to 32 bytes, TR 22.886 [5] specifies the required user experienced data rate is up to 1 Mbps for remote driving. Assuming there is a DL response to each of the 60 UL video frames per second, hence the potential packet size for each response is about 2083 bytes. Therefore, FTP Model 3 with MAC packet size of 2083 bytes can be also considered.
Subcarrier spacing (SCS): Due to challenging reliability and latency requirements of remote driving with the larger packet size than that specified in R15, 30/60kHz subcarrier spacing with shorter symbol duration can be considered to not only directly help with latency requirement but also indirectly with reliability requirement because multiple data repetitions may be required. Therefore, SCS of 30/60 kHz should be considered, and other values are not precluded.
Based on above considerations, the system level simulation (SLS) and the link level simulation (LLS) parameters for URLLC are summarized in Table 2 and Table 3 respectively. 

Table 2 SLS simulation assumptions for URLLC with multi-TRP 
	Parameters
	Description

	Duplex mode 
	FDD

	Deployment scenarios
	Homogeneous network (7*3 site)

	Inter-BS distance
	500 m

	Carrier frequency
	4 GHz

	Subcarrier spacing
	30 kHz/60 kHz

	PDSCH duration
	2/4/7 symbols

	Simulation bandwidth
	20 MHz 

	Scenario
	Urban Macro

	BS Tx power
	46 dBm

	BS antenna configurations
	Follow TR 38.802

	BS antenna height
	25 m

	BS antenna element gain 

+ connector loss
	8dBi

	UE antenna configurations
	Follow TR 38.802

	UE antenna height
	Follow the modelling of TR 36.873

	UE antenna gain
	Follow the modelling of TR 36.873

	UE receiver noise figure
	9 dB

	CQI reporting period
	Report by each company

	Traffic model
	FTP Model 3 with data packet size 32bytes,50bytes, 200bytes, 2083 bytes 

	UE distribution
	20% Outdoor in cars: 30 km/h, 80% Indoor: 3 km/h
100% Outdoor UEs with speed 60 km/h

10/cell and maximum 47 UE/cell. Other values are not precluded.

	UE receiver
	MMSE-IRC

	Transmission mode
	SU-MIMO


Table 3 LLS simulation assumptions for URLLC with multi-TRP 
	Parameters
	Value

	Carrier frequency
	4 GHz

	System bandwidth
	Companies report

	Sub-carrier spacing
	15kHz,30kHz, 60kHz

	Velocity
	Companies report. 

	gNB Antenna 
	According to Table A.1.4-1 in TR 38.802

	UE Antenna 
	According to Table A.1.4-1 in TR 38.802

	MCS
	Table 5.1.3.1-3 of TS 38.214 

	Channel Estimation
	RCE

	Receiver
	MMSE-IRC

	Waveform
	CP-OFDM

	Channel Model
	TDL/CDL in TR38.901


As for the baseline for the simulation, though some basic operations of multi-TRP/panel, such as Coordinated Scheduling (CS)/Coordinated Beamforming (CB), DPS/DPB were supported in NR Rel-15, these operations cannot be implemented efficiently for practical scenarios with non-ideal backhaul. Moreover non-ideal backhaul is an important scenario for multi-TRP/panel transmission enhancement in Rel-16, which is also the main scene in the commercial networks, so Rel-15 single-TRP based URLLC and eMBB should be taken as the baseline. 
Proposal 1: For system level evaluation for multi-TRP based eMBB and URLLC, section A.2.4 and A.2.5 in TR 38.802 can be a starting point respectively, with following updates/clarifications: 
· The baseline is Rel-15 single-TRP based URLLC and eMBB

· For backhaul delay assumption, section A.1 and A.2 in TR 36.874 can be a starting point with latency values of {5, 50} ms for non-ideal backhaul and {0} ms for ideal-backhaul.
· For multi-TRP based URLLC, following updates/additions can be considered: 

· Reliability and latency requirements:  {99.999%, 1ms/2ms}
· Metric: at least the percentage of users satisfying reliability and latency requirements and the URLLC capacity is not precluded.
· Traffic model: FTP Model 3 with {32, 2083 bytes} at least
· UE distribution: addition of 100% Outdoor UEs with speed 60 km/h 

· Sub carrier spacing: 30/60kHz, other values are not precluded
Proposal 2: For link level evaluation for multi-TRP based URLLC, section A.1.4 in TR 38.802 can be a starting point, with following updates/clarifications: 
· The baseline is Rel-15 single-TRP based link level simulation
· Realistic channel estimation should be used for all Rel-15 RS design
· MCS from Table 5.1.3.1-3 in TS 38.214 shall be used 
3 Rel-15 Agreements for multi-TRP/panel Transmission

Due to time limitation of Rel15, only a subset of agreements related to multi-TRP/panel transmission were standardized during Rel-15 timeframe. To facilitate the progress in Rel-16, at least Rel-15 agreements related to multi-TRP/panel transmission should be taken as a starting point of Rel-16 enhancement. 
As summarized in Appendix II, the relevant agreements in Rel-15 can be essential to support two categories of NCJT in general. In category #1, multiple PDCCHs are considered each of which will independently schedule single associated PDSCH (one TRP as well). In category #2, single PDCCH is considered to schedule single PDSCH from multi-TRPs. Due to the limitation of backhaul delay, only category #1 with multiple PDCCH can be used for both ideal backhaul and non-ideal backhaul scenarios. Moreover, benefits of supporting multiple PDCCH is not limited for supporting non-ideal backhaul, e.g. to improve the robustness of PDSCH transmission, lower PAPR of Rel-15 DMRS sequences, support smooth intra-cell mobility among TRPs, avoid the limitation of CW-layer mapping for high rank transmission, etc. So multiple PDCCH based transmission should be specified preferentially.
Therefore in order to support NCJT with both ideal and non-ideal backhaul, we have following proposal:
Proposal 3: Rel-15 agreements related to multi-TRP should be taken as the starting point of Rel-16 MIMO enhancement, especially the following agreements related to multiple PDCCHs design should be specified preferentially:
· Multiple PDCCHs each scheduling a respective PDSCH where each PDSCH is transmitted from a separate TRP (as agreed in RAN1 #89)
· The maximum supported number of NR-PDCCHs corresponding to scheduled NR-PDSCHs that a UE can be expected to receive in a single slot referring to the numerology of PDCCH is 2 within an active DL BWP (as agreed in RAN1 #90)
4 Design consideration for Rel-16 multi-TRP enhancement
4.1 General design consideration for downlink transmission with multi-TRP/panel 
As discussed in Rel-15, non-coherent based multi-TRP/panel transmission can improve performance for users, especially UE experience in cell-edge. Figure 1 presents the performance gain of NCJT multi-TRP scheme over the baseline with single TRP transmission. For multi-TRP NCJT transmission, the scheduling and precoder are independent between TRPs, which is not limited by latency of the backhaul, and each TRP transmits single layer to the UE. The MMSE-IRC receiver is used in SLS or both single-TRP baseline and multi-TRP NCJT scheme. The performance results in terms of 5% UPT, 50% UPT and mean UPT at 20% and 40% resource utilization (RU) with both SU-MIMO and MU-MIMO respectively, are presented in Figure 1. Other parameters can be found in Table-I in Appendix. Moreover, plenty of studies on multi-TRP/panel transmission have been conducted in WG1 in Rel-15 timeframe whereas more simulation results can be found in TR 38.802 [3] and R1-1703340 [7] for NCJT performance.

In Figure 1, NCJT scheme has better performance than non-CoMP for all 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, NCJT has a significant gain over single TRP transmission, especially for cell edge UEs which benefit from multi-layers transmission from multiple TRPs, and smooth transition/switch among TRPs. 

Observation 1: NCJT scheme with multiple PDCCH/DCI can provide about 13%~25% cell average gain and about 45%~80% cell edge gain over non-CoMP transmission.
4.1.1 Multi-DCI based Transmission with non-ideal backhaul
The agreement to support multi-DCI based multi-TRP transmission was reached in WG1 meeting during Rel-15 timeframe, which can be found in Appendix II. As shown in Figure 2, in this scheme, 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 connected by non-ideal backhaul, in which case  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 [8].
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Figure 2. An illustration of multiple DCIs based multi-TRP transmission
· UE procedure of NR-PDCCH detection

As agreed in Rel-15, 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. According to Rel-15 specification, the UE likely stop the detection for the 2nd PDCCH scheduling the 2nd PDSCH once it detects a first PDCCH scheduling the 1st PDSCH.
· PDSCH resource allocation

For multi-DCI based transmission, the resource allocation method for multiple PDSCHs should be considered. 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.  So “Independent RA” should be considered for multi-DCI based transmission. “Independent RA” means no restriction PRB allocation per TRP, e.g. each UE can receive PRB allocation independently with two DCIs (NCJT).
· Scrambling of PDSCH

PDSCH 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 a RNTI associated with the PDSCH, higher-layer configured PDSCH scrambling parameter and so on. For multi-DCI based NCJT, based on Rel-15 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, introducing different scrambling sequence for PDSCHs from different TRPs should be considered.
· HARQ process design issue

For multiple NR-PDCCHs reception, UE should demodulate and detect data in multiple NR-PDSCHs with separate HARQ processes; otherwise the ambiguity of HARQ process number indicated in DCIs scheduling NR-PDSCHs from different TRPs will lead to confusions in HARQ related operations. For example, if two DCIs from different schedulers of different TRPs indicate the same HARQ ID, the UE cannot distinguish the PDSCHs scheduled by different DCIs, as shown in Figure 3.

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 investigated in Rel-16. 
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Figure 3. An example of HARQ process ambiguity
Proposal 4: To support and specify multi-DCI based multi-TRP transmission, the following aspects should be considered:  
· Multi-DCI detection at UE side 
· PDSCH Resource allocation from multi-TRP
· Scrambling sequence randomization of PDSCH from multi-TRP
· HARQ process for PDSCH from multi-TRP 
4.1.2 Single-DCI based transmission with ideal backhaul
The introduction of single DCI based multi-TRP transmission was also agreed in WG1 meeting during Rel-15 timeframe. As shown in Figure 4, single NR-PDCCH schedules single NR-PDSCH where separate layers can be transmitted from separate TRPs.  
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Figure 4. An illustration of single DCI based multi-TRP transmission
· 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. As different layers may be from different TRPs, the antenna ports (DMRS ports) of different TRPs are considered as non-QCLed, and the channel quality has a significant gap between two links. In such cases, a common MCS is insufficient to quantize the SINR level difference of two links. If a MCS is calculated to match the link with better channel quality, the link with poor quality may have a high probability of decoding error. But if a MCS is adjusted to match the channel condition of the link with poor quality, the overall system performance would be degraded.  
· QCL enhancement
The TRPs can be geographically separated, resulting in quite different transmission path from different TRPs to the UE. If the UE is only provided with one TCI state for one PDSCH transmitted from one TRP, the UE can only adjust its timing window, and conduct frequency tracking according to one of the TRP, then the PDSCH demodulation performance loss is expected. Thus to ensure the demodulation performance, the QCL assumption for PDSCHs from different TRPs should be enhanced.
· 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 [9] 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 [9] is {0, 1, 4, 5}, which belongs to the same CDM group. As it has been agreed that DMRS ports within each CDM group are QCL-ed, this entry is not suitable for multi-TRP/panel transmission because 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.
Proposal 5: To support and specify single DCI based multi-TRP/panel transmission, the following aspects should be considered: 

· Mapping Two CWs to two or more layers of PDSCH

· Multiple TCI states per scheduled PDSCH 

· DMRS port indication enhancement

4.2 General design consideration for uplink transmission with multi-TRP/panel 
It may be necessary to reconsider the design of PUCCHs/PUSCHs conveying ACK/NACK associated with multiple PDSCH transmission and CSI report. 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 5(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 5(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 5. An illustration of PUCCH for ACK/NACK feedback
In terms of CSI feedback over non-ideal backhaul, similar to h ACK/NACK feedback, there are also two approaches. All CSI reports can be aggregated and fed back to one TRP which will relay CSI to the other 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 each TRP independently to avoid the exchange of CSI report over the non-ideal backhaul. 

Proposal 6: The transmission of ACK/NACK per scheduled PDSCH, e.g. resource allocation for PUCCH, the mapping between ACK/NACK and scheduled PDSCH, should be specified in Rel-16.
4.3 Design consideration for multi-TRP transmission with higher reliability and robustness
4.3.1 Design consideration for data channel reliability/robustness

As discussed above, multi-TRP/panel transmission can enhance reliability for transmission significantly. In this section, we provide an overview on how cooperative transmission from multiple TRPs/multi-panel assuming the ideal backhaul can provide data transmission with improved robustness. 

· Diversity based transmission Scheme 1 (Baseline scheme of Rel-15)

A straightforward way to achieve diversity based multi-TRP/panel transmission is shown in Figure 6(1), which can be supported already in Rel.15 NR. In this scheme, UE receives the same data from multiple TRPS/panels by using the same DMRS port(s). Moreover, TRP 1 and TRP 2 can perform precoding of PDSCH respectively but with cooperative scheduling decisions. 

· Diversity based transmission Scheme 2

An enhanced diversity based transmission scheme can be obtained by expending the design of scheme 1. In scheme 2, UE may receive one data stream from TRP 1 and also a modified version of data stream, e.g. using different redundancy version (RV), from TRP 2 by using different DMRS port(s) shown in Figure 6(2). Moreover, the scrambling sequences of PDSCHs from two TRPs can be different. Different versions of same data are received jointly and the UE can combine them at physical layer.
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Figure 6. A diagram of diversity based transmission
· Diversity based transmission Scheme 3

In R15, the PDSCH repetition has been supported to improve PDSCH reliability but was limited to a single transmission layer. The number of repetitions can be configured by higher layer parameter with possible values of 2, 4, and 8. The PDSCH repetitions are transmitted across consecutive slots using the same time-frequency resource allocation. Moreover, the repetitions can be considered as retransmissions since they can be associated with a sequence of redundancy versions indicated by DCI to allow soft combining of the PDSCH repetitions.  Furthermore, the repetitions are sent using the same TRP as shown in Figure 7 (a).    
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Figure 7: (a) PDSCH repetition transmitted from the same TRP in R15 (b) PDSCH repetition transmitted from different TRPs at different times 

To further improve the PDSCH reliability in Rel16, the PDSCH repetition scheme with different repetitions transmitted from multiple TRPs, as shown in Figure 7 (b), should be considered to obtain higher spatial diversity. 
Observation 2: Multiple TRP/panels can transmit same data with different RV and/or TCI states at spatial and/or time domain, to enhance PDSCH reliability and robustness.

4.3.2 Design consideration for improved Control Channel Reliability/Robustness
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Figure 8: PDCCH repetition transmitted from different TRPs at the same or different times

To achieve the overall system reliability, the reliability of not only data channel but also control channel should be considered and improved. Similar to PDSCH reliability improvement, spatial diversity offered by multiple TRP transmission in conjunction with PDCCH repetition can be used to improve the PDCCH reliability. Figure 8 illustrates the PDCCH repetition scheme using multiple TRPs, where the repetition can be transmitted at the same or different times via e.g. joint transmission or time multiplexing scheme. The latter can be considered as the extension of the PDCCH repetition scheme discussed in [10] using multiple TRPs. 

4.3.3 Evaluation for reliability and robustness

To evaluate the performance of diversity based multi-TRP/panel transmission, link-level simulations for Scheme 2, compared with baseline Scheme 1, are provided here. For all following evaluations, 2 TRPs transmit the same information of PDSCH to the UE using the above diversity based transmission schemes. By taking Scheme 1 as the baseline, UE receives the same version (RV0) of the same data transmitted from two TRPS. In Scheme 2, UE receives the different versions (RV0 and RV3) of the same data transmitted from two TRPS, and UE conducts HARQ-like combining operation of the different versions of the data, which can provide coding gain from repetition.  Simulation parameters can refer to Table-I in appendix. The LLS performance of Scheme 3 could be implied from that of Scheme 2 using the same set of RVs in the repetitions from two TRPs. This is because the channels of the two TRPs are assumed to be two independent random processes, i.e. their realizations at the same time (for Scheme 2) or different times (for Scheme 3) are still independent.

In Figure 9 the performance of baseline Scheme 1 and Schemes 2 is compared for different MCS assumptions under real channel estimation. The results show that Schemes 2 provide 3.57dB gain under 64QAM with code rate 0.75, 1.00dB gain under 16QAM with code rate 0.5, and 0.73dB gain under QPSK with code rate 0.5 over the baseline Scheme 1 at 10-1 BLER.                       
[image: image12.png]BLER

TRP-B=TRP-A-0dB,64QAM(0.75),RCE,4T4R

10°@:

102

1073

—7—Schemel
-6~ Scheme2

104

6

8 9 10
Received SNR(dB)

11

12

13



  [image: image13.png]BLER

10°

10!

102

1073

104

TRP-B=TRP-A-0dB,16QAM(1/2),RCE,4T4R

—5— Schemel

~6-Scheme2

-1

1 2
Received SNR(dB)




  [image: image14.png]BLER

TRP-B=TRP-A-0dB,QPSK(1/2),RCE,4T4R

—7—Schemel
-6~ Scheme2

-5

-3 -2
Received SNR(dB)





Figure 9. Performance of Scheme 1 and Schemes 2 without power difference between TRPs with real channel estimation
Observation 3: Compared with baseline scheme of Rel15, spatial domain repetition with different RVs can provide significant performance gain, especially at higher MCS, even at low BLER region.
The performance of Scheme 1 and Schemes 2 in terms of MCS under real channel estimation with 3dB power difference between TRPs can be found in [11]. In this case, schemes 2 provide 4.33dB gain under 64QAM with code rate 0.75, 0.82dB gain under 16QAM with code rate 0.5, and 0.56dB gain under QPSK with code rate 0.5 over Scheme 1 at 10-1 BLER.

Base on the analysis and simulations, we have the following proposal.

Proposal 7: Diversity based multi-TRP/panel transmission for PDSCH/PDCCH should be considered in Rel-16, i.e. with different RV and/or TCI states of same content applied to spatial and/or time domains.
5 Conclusion
This contribution discusses the overview on the technical enhancements for multi-TRP/panel transmissions in Rel-16 for both eMBB and URLLC. In summary, the following proposals are made. 
· For evaluation assumptions related to multi-TRP/panel transmission in Rel-16, we have the following proposals: 

Proposal 1: For system level evaluation for multi-TRP based eMBB and URLLC, section A.2.4 and A.2.5 in TR 38.802 can be a starting point respectively, with following updates/clarifications: 
· The baseline is Rel-15 single-TRP based URLLC and eMBB

· For backhaul delay assumption, section A.1 and A.2 in TR 36.874 can be a starting point with latency values of {5, 50} ms for non-ideal backhaul and {0} ms for ideal-backhaul.

· For multi-TRP based URLLC, following updates/additions can be considered: 

· Reliability and latency requirements:  {99.999%, 1ms/2ms}
· Metric: at least the percentage of users satisfying reliability and latency requirements and the URLLC capacity is not precluded.
· Traffic model: FTP Model 3 with {32, 2083 bytes} at least

· UE distribution: addition of 100% Outdoor UEs with speed 60 km/h 

· Sub carrier spacing: 30/60kHz, other values are not precluded
Proposal 2: For link level evaluation for multi-TRP based URLLC, section A.1.4 in TR 38.802 can be a starting point, with following updates/clarifications: 
· The baseline is Rel-15 single-TRP based link level simulation
· Realistic channel estimation should be used for all Rel-15 RS design

· MCS from Table 5.1.3.1-3 in TS 38.214 shall be used 

· For downlink transmission related to multi-TRP/panel transmission in Rel-16, we have the following proposals:

Proposal 3: Rel-15 agreements related to multi-TRP should be taken as the starting point of Rel-16 MIMO enhancement, especially the following agreements related to multiple PDCCHs design should be specified preferentially:

· Multiple PDCCHs each scheduling a respective PDSCH where each PDSCH is transmitted from a separate TRP (as agreed in RAN1 #89)

· The maximum supported number of NR-PDCCHs corresponding to scheduled NR-PDSCHs that a UE can be expected to receive in a single slot referring to the numerology of PDCCH is 2 within an active DL BWP (as agreed in RAN1 #90)
Proposal 4: To support and specify multi-DCI based multi-TRP transmission, the following aspects should be considered:  
· Multi-DCI detection at UE side 

· PDSCH Resource allocation from multi-TRP

· Scrambling sequence randomization of PDSCH from multi-TRP

· HARQ process for PDSCH from multi-TRP 

Proposal 5: To support and specify single DCI based multi-TRP/panel transmission, the following aspects should be considered: 

· Mapping Two CWs to two or more layers of PDSCH
· Multiple TCI states per scheduled PDSCH 
· DMRS port indication enhancement

· For UL related enhancement related to multi-TRP/panel in Rel-16, we have the following proposals:

Proposal 6: The transmission of ACK/NACK per scheduled PDSCH, e.g. resource allocation for PUCCH, the mapping between ACK/NACK and scheduled PDSCH, should be specified in Rel-16.

· For robustness/reliability enhancement related to multi-TRP/panel in Rel-16, we have the following proposals:

Proposal 7: Diversity based multi-TRP/panel transmission for PDSCH/PDCCH should be considered in Rel-16, i.e. with different RV and/or TCI states of same content applied to spatial and/or time domains.
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Appendix I – Simulation parameters
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)  ; (dH,dV) = (0.5, 0.8)λ

	BS antenna height 
	25m

	UE antenna configurations 
	(M, N, P, Mg, Ng) = (1, 1, 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 multi-TRP transmission with higher reliability and robustness
	Parameters
	Value

	Carrier Frequency
	4 GHz

	Sub-carrier spacing
	15KHz

	System bandwidth
	20RB

	Velocity
	3km/h

	gNB Antenna 
	4 Tx cross polarized array with 0.5λ antenna spacing 

	UE Antenna 
	4 Rx cross polarized with 0.5λ antenna spacing

	MCS
	QPSK(1/2), 16 QAM(1/2)，64QAM(0.75)

	TRP Number
	2

	UE Number
	1

	Layer Number
	1 Layer/TRP

	Precoder
	SVD

	CP
	Normal

	Channel Estimation
	RCE

	Receiver
	MMSE-IRC

	Waveform
	CP-OFDM


Appendix II – Agreements of R15 related to multi-TRP transmission

· For coordination schemes
Agreements in RAN1 #87:

· NR supports both semi-static and dynamic network coordination schemes

· Study interference measurement details

· Including aspects related to measurement sets 

· The network coordination schemes should consider at least the following schemes:

· DPS/DPB

· CS/CB 

· Non-coherent JT

· Coherent JT

· eICIC

· Whether each scheme requires specification support or not is FFS

Agreements in RAN1 #87:

· In supporting semi-static and dynamic network coordination schemes in NR, different coordination levels should be considered. 

· E.g., centralized and distributed scheduling, the delay assumption used for coordination schemes, etc.

Agreements in RAN1 #87:

· NR should consider advanced receiver at the UE, by studying:

· Joint reception of multiple data streams from one or more TRPs/panels

· Interference cancellation/suppression

· One or more data stream(s)

· Reference signal(s)

· Potential notification the UE of the information related to interfering signals, e.g., MCS, CSI-RS ports, DM-RS pattern and transport block size, # of layers, MIMO mode, etc.

· Potential blind detection of information regarding interference
· Potential joint channel estimation and reception of data

· Potentially different numerologies (e.g., tone spacing, etc.)

Agreements in RAN1 #87:

· Study network side calibration to assist cross-TRP and cross-panel operation, e.g.:

· Necessity of same-panel calibration and specification impact, if any

· Potential UE-aided calibration: transmit/receive calibration signaling between gNB and UE(s)

· E.g., UE-aided calibration may use feedback from UE to gNB 

· Other methods to assist cross-TRP and cross-panel operation are not precluded
Agreements in NR Adhoc#1:
· Support NR downlink transmission of 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:

· Note: the case of supporting same NR-PDSCH data stream(s) may or may not have spec impact (to be further studied especially comparing performance/complexity relative to standard-transparent operation)

· Study how to perform resource scheduling especially with respect to whether to use one or more NR-PDCCH for a UE 

· Consider, e.g., backhaul conditions, UE complexity, feasibility of NR-PDCCH demodulation if from multiple TRPs, NR-PDCCH overhead, performance, etc.

· Study network coordination schemes with ideal & non-ideal backhaul links, considering 

· Fast CSI acquisition

· e.g. coordinated TRPs obtain CSIs through physical air interface

· e.g. SRS configuration exchanging between different TRPs

· Other techniques are not precluded

Agreements in RAN1 #88bis:

· Support NR reception of at least one but no more than two of the following 

· Single NR-PDCCH corresponding to the same NR-PDSCH data layers from multiple TRPs within the same carrier

· Note that: this is intended to have spec impact

· Single NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier

· Multiple NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier 

· In case of multiple NR-PDCCH, consider the following for the reduction of  UE PDCCH detection complexity. 

· Note the following may or may not have RAN1 specification impact. 

· Note that different NR-PDSCH data layers from single TRP is special case.

· The alignment of PDCCH generation rules among TRPs, e.g. one identical control resource set across TRPs

· Signalling the maximum number of multiple NR-PDCCH reception via L1 and/or high layer signalling

· Other techniques can be considered. 

Agreements in RAN1 #89:
· Adopt the following for NR reception:

· 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 

· Note: the case of single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly can be done in a spec-transparent manner

· Note: CSI feedback details for the above case can be discussed separately

· For PDCCH
Agreements in RAN1#89:

· For the reception of multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP, NR supports:

· The maximum supported number of NR-PDCCHs/PDSCHs is either 2 or 3 or 4

· To be decided next meeting

· FFS signaling (explicit or implicit) of the maximum number of NR-PDCCHs/PDSCHs for a UE, including the case of signaling a single NR-PDCCH/PDSCH

Agreements in RAN1#90:
· 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

· FFS the case of multiple BWPs for the component carrier if supported

· (Working assumption) In this case, at most a total of 2 CWs over the scheduled NR-PDSCHs

· For multiple NR-PDCCH reception for scheduled NR-PDSCHs:

· FFS whether or not there is any impact on # of HARQ processes and/or soft buffer management

· FFS the mapping between PUCCH conveying ACK/NACK signalling and PDSCH

· Note: this topic is more suitable for discussion under scheduling/HARQ session

· For PDSCH

Agreements in NR Adhoc#2:
· The maximum supported number of unicast and dynamically scheduled NR-PDSCHs a UE can be expected to simultaneously receive is 2 on a per component carrier basis in case of one bandwidth part for the component carrier

· FFS in case of two or more bandwidth parts for the component carrier

· FFS the max number of corresponding NR-PDCCHs

Agreements in NR Adhoc#2:
· Send LS to RAN2 (cc RAN3) to inform about RAN1 agreement from RAN1#89 on the support of multiple PDSCHs transmission to the UE to support NC-JT operation

· Include in the LS the following content 
· RAN1 agreement from RAN1#89

· RAN1 is considering different scenarios including TRPs connected with ideal and non-ideal backhaul link, TRPs with same and different cell IDs, etc. to provide an increased throughput for users covered by different TRPs, and greater radio link reliability through dual connectivity-like operation

· RAN1 thinks that the above agreement may have impact on RAN2 specification

· Actions: RAN1 asks RAN2 to take into account the above agreement in RAN2’s work and provide any information that may be relevant for future RAN1’s work on this topic

LS draft and endorsed in R1-1711820. Final LS agreed in R1-1712000
· For DMRS

Agreements in NR Adhoc#2:
· For QCL, NR supports:

· At least one or two DM-RS antenna port groups per PDSCH 

· FFS other number of groups

· QCL assumption across carriers and bandwidth parts for DL

· FFS details for indication, the applicable RS(s), the applicable QCL parameters, and configurability

· FFS whether or not to have UE assisted management

Agreements in RAN1 #89:
· PDSCH DMRS ports in a PDSCH DMRS group per [bundled PRB] in CC are implicitly assumed QCLed w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters). 

· PTRS port and PDSCH DMRS port can be assumed QCL 

· w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters (e.g. PTRS and PDSCH DMRS sharing the same beam)

· w.r.t Doppler spread, Doppler shift  (e.g. PTRS and PDSCH DMRS sharing the same RF chain)

· FFS impact due to configurable association between PTRS port and PDSCH DM-RS port (if supported)

· CSI-RS ports within a CSI-RS resource have at least two types of QCL assumptions

· QCL w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters

· Not QCL’ed (e.g. for beam selection based on beamformed CSI-RS codebook)

· FFS whether some parameters can still be QCL’ed

Agreements in RAN1#90:

· Support the QCL indication of DM-RS for PDSCH via DCI signaling:

· The N-bit indicator field in the agreed WF R1-1714885 is extended to support:

· Each state refers to one or two RS sets, which indicates a QCL relationship for one or two DMRS port group (s), respectively

· Each RS set refers to one or more RS(s) which are QCLed with DM-RS ports within corresponding DM-RS group

· Note: The RSs within a RS set may be of different types

· If there are more than one RS per RS set, each of them may be associated with different QCL parameters, e.g. one RS may be associated with spatial QCL while another RS may be associated with other QCL parameters, etc

· Configuration of RS set for each state can be done via higher layer signaling

· E.g., RRC/RRC + MAC CE

· FFS the timing when the QCL is applied relative to the time of the QCL indication

· For PTRS

Agreement in RAN1#91:
· The number of DL PTRS ports is higher layer configured per TCI state for PDSCH transmission in the higher layer parameter DL-PT-RS-ports
· If the number of DL PTRS ports associated to the TCI in DCI is 2,  the number of PTRS ports is 2, and the each PT-RS is associated with the corresponding DMRS port group, and UE does not expect to be scheduled with one DMRS port group and such TCI state

· If the number of DL PTRS ports associated to the TCI in DCI is 1,  the number of PTRS port is 1, the phase tracking association follow the previous agreements

· If one PTRS port is transmitted and the scheduled DMRS ports are from two DMRS port groups, UE may utilize the PTRS port for phase tracking for PDSCH layers corresponding to DMRS ports in the  two DMRS port groups (i.e., the PTRS port is shared among the two DMRS port groups)

· For 2-symbol non-slot scheduling, PTRS is not transmitted/received if the time domain density is smaller than 1 when configured present

· For 4-symbol non-slot scheduling, PTRS is not transmitted/received if the time domain density is equal to ¼ when configured present

· If the last N MCS entries are reserved (no coding rate or modulation order or TBS is given), where N is 3 for MCS table with up to 64QAM  and N is 4 for MCS table with up to 256QAM, support the following

· For adaptive retransmissions, when the scheduled MCS > V, where V = 28 for MCS table with up to 64QAM and V = 27 for MCS table with up  to 256QAM, the time-density of PTRS is determined based on the MCS of initial transmission, which is smaller than or equal to V
Agreement in RAN1 #91:

· A DL PTRS port and the DL DMRS port(s) within the associated DL DMRS port group are QCLed w.r.t {delay spread, Doppler spread, Doppler shift, average delay, spatial Rx parameters}

· If one DL PTRS port is transmitted for two scheduled DL DMRS port groups, the PTRS port and the DMRS port(s) which are not in the associated DMRS port group are QCLed w.r.t. {Doppler spread, Doppler shift} and FFS: spatial QCL parameters
· CSI
Agreements in RAN1 #87:

· Aim for a common framework for CSI measurement and reporting for different types of coordinated transmission schemes

· Study whether or not to have the assumption/indication of interference hypothesis

· For R15 agreements related to multi-TRP transmission
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