Page 1
3GPP TSG RAN WG1 #96			R1-1901906
Athens, Greece, 25th February – 1st March, 2019

[bookmark: Source]Agenda item:	7.2.8.2
Source: 	AT&T 
Title: 	Multi-TRP/Panel Enhancements for Release 16 MIMO
Document for:	Discussion/Decision
Introduction
[bookmark: _Ref378529477]In RAN #80, a new work item on MIMO has been approved. During RAN1#AH1_1901, the following agreements were made
Agreement
For multi-DCI based multi-TRP/panel transmission, the total number of CWs in scheduled PDSCHs, each of which is scheduled by one PDCCH, is up to X and also the total number of MIMO layers of scheduled PDSCHs is up to reported UE MIMO capability, if resource allocation of PDSCHs are overlapped.
· X=2
· FFS: X=3

Agreement
For multiple-PDCCH based multi-TRP/panel transmission for eMBB, for the purposes of PDCCH detection, UE does not assume any dependency amongst the multiple PDCCHs
Agreement
For multiple-PDCCH based multi-TRP/panel downlink transmission for eMBB, 
· Separate ACK/NACK payload/feedback for received PDSCHs is supported
· FFS: Details on PUCCH carrying separate ACK/NACK payload/feedback
· FFS: Whether to additionally support joint ACK/NACK payload/feedback for received PDSCHs


Agreement
For a UE supporting multiple-PDCCH based multi-TRP/panel transmission and each PDCCH schedules one PDSCH, at least for eMBB with non-ideal backhaul, down-select one alternative from following in RAN1 96 
· Alt 1: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs
· Alt 2:  the UE can be only scheduled with full/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs
· Alt 3: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:
· Same DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the DMRS symbol location and DMRS configuration type shall be assumed by the UE for full/partially overlapping PDSCHs. 
· The UE is not expected to have more than one TCI state with DMRS ports within the same CDM group for full/partially overlapping PDSCHs 
· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  
Other restrictions are not excluded, for example BWP switching
Agreement
TCI indication framework shall be enhanced in Rel-16 at least for eMBB: 
· Each TCI code point in a DCI can correspond to 1 or 2 TCI states 
· When 2 TCI states are activated within a TCI code point, each TCI state corresponds to one CDM group, at least for DMRS type 1 
· FFS design for DMRS type 2
· FFS: TCI field in DCI, and associated MAC-CE signaling impact

In this contribution, we provide a comprehensive overview of enhancements needed for multiple TRP/panels for both spectral efficiency and reliability.  
Enhancements Related to Multi-TRP/Panel Transmission with Multiple DCI
In our view, the primary scenario for multi-TRP transmission is non-coherent joint transmission from two TRPs as shown figure 1. Note that multi-TRP transmission is enabled only for UEs which are to the cell edge to increase their spectral efficiency. 
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Figure 1 Typical scenario of multi-TRP Transmission for Analysis
As shown in Figure 1, the UE1 is served by the two TRPs, TRP-A and TRP-B. The two TRPs are connected by non-ideal backhaul which is more realistic scenario for evaluations.  Since, we are interested in non-coherent joint transmission, there are instances when the two PDSCHs for UE1 might be using the same resources, partial overlap of resources or on completely non-overlapping of resources.  This is the main reason, we have shown PDSCH3 for the UE2 which is served by TRP-B on resources allocated for UE1 from TRP-A.
For the case of complete overlap of the resources the received signal (r) can be expressed 
                    

                                                                                         (1)





Where the channel between TRP-A and the UE1,   is the channel between the TRP-B and the UE1, and Pa and Pb are the transmitted power levels from the two TRPs, respectively. Note that the transmission power accounts for all control channels, traffic channels and the other overhead.  The transmitted signals are,  from the two TRPs, and n is the additive white Gaussian noise which includes both the thermal noise and other-cell interference, including the transmission from TRP-2 to the UE2.

PDCCH Related Enhancements:
Since the two TRP schedulers don’t communicate at slot level, we expect that each TRP uses its own PDCCH for scheduling the corresponding PDSCH.  Note that this was already agreed as part of Release 15 WI, but was not captured due to the non-prioritization of multiple TRP transmissions. The message sequence chart shows the two PDCCH solution for multi-TRP transmission is shown in Figure 2.

 Downlink Control channel (PDCCH1)
 Feedback Channel (CSI)
Cell specific/ UE specific Reference signals
TRP-A	
UE1
Data Traffic Channel (PDSCH1)
Compute Channel State Information (CSI) from the reference signals 
Determine the parameters for DL transmission (MCS, Power, PRBs, etc.) based on the CSI
TRP-B	
Determine the parameters for DL transmission (MCS, Power, PRBs, etc.) based on the CSI
Cell specific/ UE specific Reference signals
 Feedback Channel (CSI)
Downlink Control channel (PDCCH2)
Data Traffic Channel (PDSCH2)


Figure 2 Message sequence chart between gNode B and UE with multiple TRPs with multiple DCI
Since we don’t expect a single TRP can schedule two PDSCHs due to non ideal backhaul (typical deployment scenario) and receiving transmission from more than 2 TRPs is very rare, we propose to limit the number of PDCCHs to 2 for keeping the UE complexity at reasonable level.
Since multiple DCI is mainly used for non-coherent joint transmission, we don’t expect any additional fields in the DCI will give significant benefit, hence we propose to reuse the same contents as that of Release 15 unless significant benefits are shown. Hence we propose 

Proposal 1:  For Release 16 MIMO
· No enhancements are needed for Release 15 DCI formats

In addition, there are several issues needs to be solved with two PDCCHs. Here we list several topics and our preference for these.
· Scrambling codes for the PDCCHS:  Since the data scrambling depends on the cell ID or the higher layer parameter pdcch-DMRS-ScramblingID, the first question arises is there any benefit of using the same scrambling id from the TRPs.  Since these two TRPs can exchange information about the scrambling ids apriori? Since the PDCCH payload significantly high using different scrambling or same scrambling if has no impact and we don’t expect any changes related to data scrambling for PDCCH and DMRS for PDCCH. 
· Number of DCI formats for monitoring:  In Release 15, the UE needs to monitor up to 4 DCI formats for potential PDSCH/PUSCH transmission. With multiple DCI, we expect the number is increases to 8. Since this increases the number of blind decodes, we propose to reduce the number of DCI formats for monitoring for example, since the multi TRP operation is enabled only when the UE is at the cell edge, the DCI-format 1-1 and DCI-format 0-1 can be disabled for any of the TRPs there by reducing the number of DCI to monitor. 
· Number of Blind decoding attempts:  In Release 15, the number of blind decodes depends on the numerology that is for 15/30/60/120 subcarrier spacing up to 44/36/22/20 blind decodes are possible. With multiple DCI, the numbers will be multiplied by 2 if we assume the same numerology between the two TRPs.   To reduce the number of blind decoding attempts, we expect the RAN1 will work on mechanisms such as limiting the possible aggregation levels from a TRP. 

Proposal 2:    RAN1 should study mechanisms to reduce the number of blind decodes, and the number of DCI formats for monitoring with multiple DCI  

Scheduling Enhancements:
During the previous meeting, few companies raised the scheduling constraints between the two TRPs for resource allocation. RAN1 agreed to investigate 3 alternatives for resource allocation. The design options are described below
· Alt 1: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs
· Alt 2:  the UE can be only scheduled with full/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs
· Alt 3: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:
· Same DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the DMRS symbol location and DMRS configuration type shall be assumed by the UE for full/partially overlapping PDSCHs. 
· The UE is not expected to have more than one TCI state with DMRS ports within the same CDM group for full/partially overlapping PDSCHs 
· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  

In our view as the multiple PDCCH based solution is mainly used for non-coherent joint transmission with non-ideal backhaul and putting constraints on the resource allocation is not an attractive solution for spectral efficiency improvement.  In our view, it is up to the UE whether to use joint receiver or individual receiver chains for decoding multiple PDCCH/ PDSCHs. Hence we propose use Alternative 1 for multiple PDCCH based non-coherent joint transmission. 

Proposal 3: For resource allocation we prefer Alternative 1: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs

PDSCH Enhancements 
Data scrambling is used in Release 15 to reduce the intercell interference. With multi-TRP transmission, there is a possibility that two TRPs use the same scrambling id for the UE.  One way to avoid this to use some type of co-ordination between the TRPs to use different scrambling ids for the UEs. Hence we see these two cases for multi-TRP transmission 
· Case 1:  In this case the two TRP use same scrambling ID (nID)
· Case 2: In this case the two TRP use different scrambling ID (nID), In this case, some type of co-ordination between the TRPs is needed 

To verify the performance between these two cases, we performed link simulations and let’s define Ior as the received power due to the desired cell and Ioc as the power due to the dominant interferer. Note that Ioc does not include the noise power. The link simulations assumptions are given in Table 1.  We plotted the link spectral efficiency of UE1 with Ioc= -100 dB and -10 dB. Note that Ioc= -100 dB (no interference due to TRP-B) is the upper bound on the link performance. 
Table 1 Simulation assumptions
	Assumptions 
	Value 

	Carrier frequency
	4.0 GHz 

	Duplex 
	FDD

	System Bandwidth 
	10 MHz 

	Slot length 
	14 OFDM symbols

	Subcarrier spacing 
	15KHz

	FFT size 
	1024

	Data transmission bandwidth 
	6 RB for 15 KHZ spacing 

	Antenna  configuration
	(4, 4)

	Number of codewords
	1

	Channel encoder
	LDPC code (BG1 and BG2)

	MCS 
	Link adaptation

	Control Overhead 
	2 symbols

	Channel estimation 
	Practical

	UE speed
	3Kmph

	Channel Model
	 TDL-A



Note that we define the spectral efficiency as 
                                    Spectral efficiency = TBS*(1-BLER)/ (T*BW)
Where, TBS is the transport block size in bits, BLER is the block error rate, T is the time duration of one subframe, and BW is the actual bandwidth used for data transmission.    Figure 3 shows the spectral efficiency when the TRP- B scrambling id is generated with different c_init, (i.e. nID) 
[image: ]
Figure 3 Spectral efficiency comparison with different Ioc values when the scrambling ids of TRP-A and TRP-B are different 
[image: ]
Figure 4 Spectral efficiency comparison with different Ioc values when the scrambling ids of TRP-A and TRP-B are same 
Figure 4 shows the spectral efficiency comparison when the cell id of TRP-A and TRP-B are exactly equal, i.e. c_init (nID) is same. In this case, we didn’t observe any change in the performance of UE1. Note that similar results are obtained in [1]. Hence we conclude that the scrambling id does not provide any robustness to interference. Rather it provides a physical layer encryption. Hence we propose that a single UE-specific id can be used for generation of scrambling Id.
Proposal 4:   Co-ordination between the TRPs is not needed for scrambling id initialization  
 Enhancements Related to DMRS 
With multiple-TRPs, the main bottleneck is the strong co-channel interference. However, in our view, the impact of co-channel interference has detrimental effects on channel estimation than PDSCH decoding.  This is because for PDSCH the transport block is encoded with error correcting code and the parity bits protects the information bits, while for reference signal there is no protection and solely depends on the randomization of interference.  However, with proper co-ordination between the TRPs, we can avoid the interference on the DMRS ports as explained below.

Figure 5 shows an example of DM-RS structure for 4 antenna ports (hence maximum 4 layers and 4 DM-RS) in NR system. The reference symbols within a resource-block are transmitted for a single antenna port 1000+0. The same reference symbols are code multiplexed and transmitted on antenna port 1000+1. Similarly for ports 2 and 3 same resource elements are used for transmitting DMRS reference symbols. However they are code multiplexed as in port 0 and 1. Note that the resource elements are used for rank3 and 4 (ports 1000+2 and 1000+3) are orthogonal in frequency to that of port 1000+0 and 1000+1. 
For antenna port 1000+0
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Figure 5 Resource mapping for DMRS for up to 4 ports 

Table 2 Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=1
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0

	1
	1
	1

	2
	1
	0,1

	3
	2
	0

	4
	2
	1

	5
	2
	2

	6
	2
	3

	7
	2
	0,1

	8
	2
	2,3

	9
	2
	0-2

	10
	2
	0-3

	11
	2
	0,2

	12-15
	Reserved
	Reserved



Let’s say the TRP-A uses ports 1000+0 and 1000+1 for rank 1 and rank 2 transmission and TRP-B uses ports 1000+1 and 1000+2 for rank 1 and rank 2 transmission, then if the TRP-1 can indicate to the UE that index value of 7 in Table 2 in the DCI, and TRP-2 indicates value of 8, then the interference on the DMRS resource elements can be completely eliminated. Similar for rank 1 transmission, we can completely avoid interference on DMRS resource elements that is combinations 3 and 4 in Table 2 for TRP-A and combinations 5 and 6 for TRP-B.   This is especially interesting in multi TRP scenario, since semis static co-ordination between the TRPs is possible through X2 signaling, the two TRPs can exchange information about the maximum rank, the port number for each rank  such that interference on the DMRS is almost zero. For example the following table is used for Rank1 transmission for each TRP

	TRP-A

	TRP-B

	Rank
	Ports

	Rank
	Port

	1

	0 (Index 3 in Table 2)
	1
	0 (Index 5 in Table 2)

	1
	1(Index 4 in Table 2)
	1
	1(Index 6 in Table 2)



Similarly for Rank 2 the following table can be exchanged 

	        TRP-A

	TRP/B


	Rank
	Ports

	Rank
	Port

	2

	0,1 (Index 7 in Table 2)
	2
	2,3 (Index 8 in Table 2)



Note that we used the indices which indicate in CDM groups without data, means, when one TRP uses the indices, the other TRP does not schedule data on those resources. Hence the interference on the DMRS resource elements is avoided.  Hence in our view with minim al specification impact we can enhance the multi-TRP performance. Hence we propose

Proposal 5:   DMRS port sharing between the TRPs will benefit the overall performance for each transmission rank
Note that with the existing specification, we can schedule data up to 2 layers i.e. CDM groups without data is equal to 2. For higher number of layer transmission, we recommend to extend the CDM groups to 3 or 4 for Type I.

Enhancements Related to NZP-CSI-RS and ZP-CSI-RS 
As mentioned above the impact of strong co-channel interference has detrimental effects on channel estimation compared to data decoding.  We can avoid the channel estimation impact on NZP-CSI-RS with multiple transmission points with ZP-CSI-RS standardized in Release 15 specification. For example, if the two TRPs communicate about the NZP-CSI-RS allocations or ZP-CSI-RS allocations, then they can schedule the ZP-CSI-RS or NZP-CSI-RS accordingly such that the interference on the NZP-CSI-RS resource elements is completely eliminated.  For this techniques to work, we need a semi static co-ordination between the TRPs.   Hence we propose

Proposal 6:   Information sharing between the NZP-CSI-RS/ZP-CSI-RS is beneficial to avoid the interference on NZP-CSI-RS resource elements

Enhancements Related to Multi-TRP/Panel Transmission with Single DCI
In our view, the primary scenario for multi-Panel transmission can be coherent or non-coherent joint transmission from two panels belonging to the same TRP as shown figure 6.  Unlike multi TRP, we envision, the UE can be transparent for multi panel transmission. Unlike multi TRP, the main use case for multi panel is improve the spectral efficiency of the system. Hence we list enhancements related which can improve the spectral efficiency compared to that of Release 15. 

PDCCH Related Enhancements:
Unlike multi–TRP, for multi panel transmission we can use either one scheduler or per individual scheduler with tighter co-ordination.  Hence either we can use single PDCCH to schedule the UE. Once the UE receives it can expect the PDSCH transmission from the two panels as shown below in Figure 6. Note that this was already agreed as part of Release 15 WI, but was not captured due to the non-prioritization of multiple TRP transmissions. 

Downlink Control channel (PDCCH1)
 Feedback Channel (CSI)
Cell specific/ UE specific Reference signals
Panel-A	
UE1
Data Traffic Channel (PDSCH1)
Compute Channel State Information (CSI) from the reference signals 
Determine the parameters for DL transmission (MCS, Power, PRBs, etc.) based on the CSI
Panel-B	
Cell specific/ UE specific Reference signals
 Feedback Channel (CSI)
Data Traffic Channel (PDSCH1/2)

Figure 6 Message sequence chart between gNode B and UE with multiple panels with single DCI

With single DCI, one option is to reuse the DCI structure multi codeword (when rank >4) for multi panel. However the codeword to number of layers needs to be modified from Release 15. This is because the channel quality from the two panels can be different at the UE and using a single codeword for transmission rank up to 4 significantly diminish the gains of multi panel transmission. To show the gains of two codewords with single DCI, we describe two scenarios and provide our evaluation results.
· Co-located panels (C-MIMO):  This is the typical use case of Release 15 MIMO where the antenna panels are located at the same gNB. In our evaluations, we assume equal path loss between the panels and The UE.  Figure 7 shows the spectral efficiency of the system with two codewords. The simulation assumptions are listed in Table 1. It can be observed that the two codeword system outperforms single codeword system at all SNRS. 
[image: ]
Figure 7 Performance of single and two codeword MIMO with single DCI

Figure 8 shows the performance gains achieved at SNRS 10, 15 and 20 dB. We have chosen these SNRS because at these geometries the probability of rank 3 and 4 is high. At higher ranks we observed the SNR difference between the layers is around 8-9 dB and limiting the SNRS using single value significantly reduces the performance. It can be observed that the gains are around 23% at 20 dB.  




[image: ]
Figure 8 Percentage gains of two codeword MIMO over single codeword MIMO with single DCI
· Distributed Panels (D-MIMO):   Another use case of multi panel transmission is distributed MIMO, where   some of the antennas are located at one place and few other at the other location in a distributed fashion. The two antenna panels are connected via ideal backhaul.  Since the locations of these panels are different, we expect the path loss is different.  In our simulations, we model these path loss difference used the same set of simulations as that of C-MIMO. We assumed 2 antenna ports are located at one SNR and other two antenna ports are located at a different SNR.
Figure 9 shows the performance of two codeword MIMO with different values of Ioc, where Ioc is defined the additional path loss of the second panel compared to the first panel. For example Ioc= -100 dB indicates C-MIMO as the path loss is same from each panel to the UE. 
[image: ]
Figure 9 Performance of two codeword MIMO with single DCI with Distributed MIMO

Figure 10-12 shows the performance with single codeword D-MIMO at Ioc= -10, -5 and 0 dB respectively. It can be observed that  in all these cases, we observed a significant gains with two codeword MIMO compared to Release 15 single codeword MIMO. Hence we propose

Proposal 7: With Single PDCCH, two codeword MIMO should be supported for transmission ranks greater than 1 


[image: ]
Figure 10 Performance of two codeword MIMO with single DCI with Distributed MIMO at Ioc= -10 dB


[image: ]
Figure 11 Performance of two codeword MIMO with single DCI with Distributed MIMO at Ioc= -5 dB
[image: ]
Figure 12 Performance of two codeword MIMO with single DCI with Distributed MIMO at Ioc= 0 dB


Layer mapping enhancements 
Release 15 MIMO uses fixed layer mapping when the number of codewords is greater than 4. However with multiple panels and single DCI, we expect dynamic layer mapping is more beneficial. 
We consider two design options of fixed and dynamic layer mapping and analyse the benefits of each through simulations. It should be noted that if the number of codewords are less than the number of layers, then the CQI of each codeword is controlled by the minimum of SINR of the layers mapped to that codeword.  This implies that even though some of the layers have the high SINR, the UE can’t indicate the CQI of these layers and the network can’t schedule higher modulation on these layers. To overcome this drawback, we recommend the UE should recommend the preferred layer mapping within a codeword as part of CSI. For example, the UE can choose those layers which have the same SINR and map them to a layer. Similar to the other scheduling decisions, the network may or mayn’t obey this layer mapping table recommendation. The design options are
Fixed layer mapping: In this option, the mapping of codeword to layer is fixed for a given rank. For example, for rank 4 transmission, first codeword is mapped to layers 1 and 2 and codeword 2 is mapped to layers 3 and 4. 
Dynamic layer mapping: In this option, the mapping of codeword to layers is dynamic for a given rank.  Table 3 shows the possible combinations for rank 4 transmission. 

Table 3 Layer mapping combinations for rank 4 transmissions
	
Combination

	
Layer Mapping


	
1

	Layers 1 and 2    1 CW
Layer 3 and 4      2 CW                     



	2

	Layers 1 and 3   1 CW
Layer 2 and 4     2 CW                     



	3
	Layer 1  and 4    1 CW                     
Layers 2 and 3    2 CW





Based on these observations we recommend
Proposal 8:  With single DCI , UE should recommend the layer mapping within each codeword as part of CSI feedback. 

DM-RS Related Enhancements:
As shown above significant gains can be obtained with dynamic layer mapping, hence with dynamic layer mapping we expect the DMRS ports tables needs to be updated to incorporate the more port combinations.
PT-RS Related Enhancements:
In Release 15, PT-RS is transmitted only on one layer with lowest antenna port index in the DM-RS antenna port group. With multiple panels, we envision single PT-RS is not sufficient as the each panel can have a different local oscillator, hence we recommend to have 2 PT-RS signals. 
Proposal 9: Additional PT-RS signal is recommended with multiple panel transmission.  
Enhancements related to NR URLLC Traffic for Better Reception Reliability
In the previous meeting the following agreements were made regarding URLLC transmission with multiple TRPs

Agreement
For multi-TRP specification support for URLLC, support at least one of following schemes for transmitting the same transport block from multiple TRPs. Study following schemes for further down-selection for one or more schemes in next meetings
· Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation
· Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation
· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation
· Scheme 4 (TDM): n (n<=Nt2) TCI states with K different slots. 
· For further study:
· Details on restriction related to MCS, modulation order for PDSCHs from different TRPs w.r.t. schemes 1 to 4.
· Whether to support mini-slot PDSCH repetitions 
· Signalling mechanism 
· Companies to consider how the schemes apply for FR1 and FR2
· Whether the number of repetitions can be larger than the number of TCI states (n)
· Further clarification for each scheme can be elaborated in RAN1 96 
· Baseline scheme in addition to Rel-15 single-TRP scheme for evaluations
· SFN transmission based on Rel-15 from multi-TRP with single TCI state
· Companies to provide details on assumption on time/frequency synchronization and TRS transmission across TRPs
· Note that supporting multiple schemes in Rel-16 is not excluded.  
· Note that control signalling mechanism for PDSCH reliability/robustness enhancement schemes can be discussed separately.

For NR Release 16 URLLC, we prefer a mechanism to indicate the NR-URLLC traffic to the UE.  This will provide more robust transmission and the receiver can use advanced detection techniques for URLLC applications.  Another use case is the transmission of URLLC traffic using multiple TRP/panel, where the transport block is duplicated for more robust transmission. When the transmissions are duplicated and assuming each TRP/panel uses identical resources and the UE is transparent to these duplication, then the transmitted signal from the other TRP/panel will be treated as an interference. However if the UE receiver knows that the packet is duplicated, then it can treat the other cell as a useful signal and can use a robust receiver for detection.

Mathematically, we can write the received signal as

[image: ]

Where HA is the channel matrix between TRP/panel-A  and the UE, HB is the channel matrix between TRP/panel-B and the UE, P1 and P2 are the respective precoding matrices, and x1 and x2 are the transmitted signals from TRP/Panel A and TRP/Panel B, respectively. 


For the case of duplication (i.e x1A= x2A), when indicated to the UE,  the received signal is 

[image: ]

In the case of transparent scheme, the received signal is 

 [image: ]

Where r1 and r2 are received signals due to each transmission and w1 and w2 are the interference from the other cell and thermal noise. In the case of transparent scheme, the received SINRi , i= 1,2 using an MMSE detector is given by

[image: ]

While for the non-transparent scheme the SINR is given by


[image: ]
It is well known the non-transparent scheme outperforms the transparent scheme as shown in our results in Figures 13-15.

[image: ]
Figure 13 CDF plot for SINR at geometry of -5 dB


[image: ]
Figure 14 CDF plot for SINR at geometry of 5 dB
[image: ]
Figure 15 CDF plot for SINR at geometry of 10 dB

Spatial Chase Combing/IR combining:
Note that in the above scheme we assumed each TRP/Panel uses the same port. Another interesting scenario is use of different port numbers from each TRP/Panel. In this case if the UE gets information about the TB duplication, it can combine the soft bits after the MIMO detector and providing a significant gains. This operation we call spatial IR/Chase combining as the soft combining is similar to conventional HARQ-Chase combining/IR combining.   It is well known that soft combining using Chase combining/IR combining provides significant gains especially when the channel is not reliable. Similar with spatial combining we expect significant reliability. 
 
Based on these two observations, we recommend RAN1 to study mechanisms to indicate NR-URLLC traffic to UE. 

Proposal 10: RAN1 should study efficient mechanism to indicate URLLC traffic to the UE for better reception 

[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
In this contribution we described our views on enhancements for Release 16 MIMO WI related to multi TRP/Panels.
[bookmark: _Ref450342757]Based on our observations, we have the following proposal:
Proposal 1:  For Release 16 MIMO
· No enhancements are needed for Release 15 DCI formats

Proposal 2:    RAN1 should study mechanisms to reduce the number of blind decodes, and the number of DCI formats for monitoring with multiple DCI.  

Proposal 3: For resource allocation we prefer Alternative 1: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs

Proposal 4:   Co-ordination between the TRPs is not needed for scrambling id initialization  
Proposal 5:   DMRS port sharing between the TRPs will benefit the overall performance for each transmission rank
Proposal 6:   Information sharing between the NZP-CSI-RS/ZP-CSI-RS is beneficial to avoid the interference on NZP-CSI-RS resource elements
Proposal 7: With Single PDCCH, two codeword MIMO should be supported for transmission ranks greater than 1 

[bookmark: _GoBack]
Proposal 8:  With single DCI , UE should recommend the layer mapping within each codeword as part of CSI feedback. 


Proposal 9: Additional PT-RS signal is recommended with multiple panel transmission.  
Proposal 10: RAN1 should study efficient mechanism to indicate URLLC traffic to the UE for better reception 
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