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[bookmark: _Ref378529477]In RAN #80, a new work item on MIMO has been approved.  In RAN#81, the WID is updated as below:
“
· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission
· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Multi-TRP techniques for URLLC requirements are included in this WI
”
In our view the WID is divided into 3 sections
I. Multi TRP/Panel transmission using multiple PDCCH
II. Multi TRP/Panel transmission using single PDCCH
III. Multi TRP/Panel transmission for URLLC to increase the reliability and robustness

In this contribution, we provide our views on the above topics.
Enhancements Related to Multi-TRP/Panel Transmission with Single PDCCH
In RAN1 AH-1901, the following agreement was made regarding single PDCCH for multiple TRP/Panel transmission.

	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 RAN1#96bis, the following agreements related to single PDCCH were made:
	Agreement
Take into account following principles for single-PDCCH multi-TRP DMRS port indication:  
· Whether/how MU pairing cases between, e.g. UE1 from TRP1 and TRP 2 and UE 2 from TRP 1 and TRP 2, or UE1 from TRP1 and TRP 2 and UE 2 from TRP 1, is needed
· Whether/how DMRS port indication using DMRS type 1 with 1 or 2 frontloaded symbols, and DMRS type 2 with 1 or 2 frontloaded symbols need to be enhanced





In this section, we describe our views on the following topics
A. Clarification on Single PDCCH
B. TCI payload enhancements
C. PDCCH enhancements
D. UCI enhancements
E. DMRS port table enhancements
F. PTRS enhancements
G. Number of codewords per TRP

Clarification on Single PDCCH:
In our view RAN1 should clarify the operation of single PDCCH with multiple TRP/panel transmissions as companies have different view on the single PDCCH operation. Since single PDCCH is mainly used for scenarios with ideal backhaul hence the network can use a single scheduler. Regarding PDSCH from the TRPs, we envision two design options.
· Option 1: Single PDCCH with multiple PDSCH: In this option, the single PDCCH is transmitted from either one/both the TRPs and from UE point of view, the UE decodes a single PDCCH. However, each individual TRP transmits its own PDSCH.  The message sequence is shown in Figure 1.
· Option 2: Single PDCCH with single PDSCH: In this option, the single PDCCH schedules separate layers from different TRPS/panels. However, in our view this option is already supported in Release 15. The only difference is that each TCI code point is release 15 points to one state while in Release 16 it represents two states. 


We prefer Option 1 where single PDCCH schedules two PDSCH for multi TRP transmission as it gives more flexibility to the gNB (for example scheduling different resources from each TRP) and UE implementation and Option 2 is already supported in Release 15.

Proposal 1:  For single PDCCH multi- TRP/Panel transmission, the UE expects two PDSCHs from individual TRPs 



Downlink Control channel (PDCCH)
 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	
Cell specific/ UE specific Reference signals
 Feedback Channel (CSI)
Data Traffic Channel (PDSCH2)

Figure 1 Message sequence chart between gNode B and UE with multiple TRP/panels with single DCI

TCI Payload Enhancements
Since in Release 15 each TCI codepoint points to only one state while in Release 16 each codepoint represents two states where each state represents one CDM group from each TRP. During previous meetings, there was a discussion regarding increasing the TCI field size in the DCI for Release 16. However, in our view the existing specification already supports 64 beams and in DCI it can cover up to 8 possibilities represented by 3 bits.  For 2 TRP, we don’t see any necessity to increase the payload size. If that is not the case, we prefer to have individual TCI fields in the DCI.  Hence we propose

Proposal 2:  TCI payload should be kept same as that of Release 15 TCI in the DCI

PDCCH Related Enhancements:
Note that the Release 15 PDCCH performance is impacted due to high payload and impacts the coverage as shown in Figure 2. One option to improve the coverage of multi-TRP operation is to reduce the payload of the PDCCH.  However this option impacts the performance of the multi TRP operation. Another option is to use two stage design of PDCCH, where the first stage chooses minimum payload for scheduling from atleast one TRP, while the second stage can be used for scheduling from the other TRP in addition to the other parameters. Hence we propose that RAN1 should study two stage DCI design as part of PDCCH enhancements.
[image: ]
Figure 2  BLER comparison with different payloads for Release 15 PDCCH

Proposal 3:  RAN1 should study two stage design of PDCCH for multiple TRP 


As explained, the two stage design is mainly motivated by the increase of payload in multiple TRP. In Release 15, the resource allocation field occupies the highest number of bits. One technique to reduce the payload of DCI in single PDCCH either single stage or two stage is the design of resource allocation fields from the two TRPs. 
As an example, say the number of bits allocated for frequency domain resource allocation is say 40 bits and time domain resource allocation is 4 bits for the first TRP. Hence if we use conventional design, then the number of bits required to indicate the frequency domain resource allocation is 40+40 bits and time domain resource allocation is 4+4 bits.  Since with a single PDCCH design, the two TRPs either use a single scheduler or the two schedulers are coordinated, most of the cases, the resources allocated is exactly same. Hence in these cases instead of allocating separate bits for indicating the frequency and time domain resources for the second TRP, the design can use a single bit to indicate whether the second TRP resources are same as that of the first TRP or it is different as shown in Figure 3.

When the bit is set to 1, the second TRP uses the same resources for PDSCH and the gNB does not transmit bits allocated for second TRP resource allocation. However when the bit is set to 0, the gNB transmits separate bits for indicating the resource indication for the second TRP. 



Resource allocation for TRP2
Proposed bit
Resource allocation for TRP1	



Figure 3 Proposed Downlink control channel structure for resource field indication

We can extend the above principle to two bits by giving full flexibility in time and frequency domain resource allocation. That is allocating two bits to indicate whether the network uses the same resources for the second TRP in time or frequency domain as shown in Table 1.



Table 1 Resource Indication for the 2nd TRP
	Joint Indication
	2nd TRP resources

	00
	 Same as that of first TRP in frequency and time domain 

	01
	Same as that of first TRP in frequency domain only

	10
	Same as that of first TRP in time domain only

	11
	Different as that of first TRP 




Hence we propose

Proposal 4:  RAN1 should study techniques to reduce the payload for resource allocation in the DCI at the same time giving full scheduling flexibility to the network

UCI Enhancements:
Since each TRP uses different TCI state and, we expect that channel qualities of each TRP is different and we prefer individual CSI reports transmitted from the UE.  Hence we expect two PUCCHs from the UE. Regarding the priority rules, we can reuse the priority rules designed for Release 15. 

Proposal 5: Use individual PUCCHs from the UE to transmit HARQ-ACK and CSI

Proposal 6: Reuse the priority rules from Release 15 and extend it to multiple TRPs

In addition, we propose the DMRS/PDSCH based CSI estimation for multiple TRP transmission with single PDCCH transmission.

DMRS/PDSCH SINR based CSI Estimation
If the UE uses individual CSI estimates from each TRP, the MCS selection for the joint transmission is not optimal. One technique to reduce the mismatch, while at the same time reduce the overhead due to CSI-RS is to use DMRS/PDSCH based CSI estimation. 

Figure 4 and 5 show a  snapshot of RI reported using conventional CSI-RS based CSI estimation for 2 and 4 CSI-RS ports with 2 and 4 receiving antennas, respectively. Since the rank information (second order statistics) is computed over the whole wideband, RI does not change instantaneously. This means that if, for example, the network schedules the UE with a certain number of layers at time T1, it is unlikely that the number of layers changes significantly for the next scheduling  interval T2 = T1+ 1, 2.. n.  
[image: ]
Figure 4 Snapshot of RI reported with 2 CSI-RS ports




[image: ]
Figure 5 Snapshot of RI reported with 4 CSI-RS ports
Figure 6 and 7 shows the PMI reported using conventional CSI-RS based CSI estimation for 2 and 4 CSI-RS ports with 2 and 4 receiving antennas respectively. Similar to RI, in this case also the PMI reported is almost constant over a period of time. Hence we can conclude that if the UE can estimate the SINR on the scheduled rank and scheduled PMI (via precoded DMRS), the SINR variation is not significant. There are many benefits of such a scheme such as reduced CSI reporting delay, reduced number of resources for PUCCH, reduced CSI-RS transmissions etc. 
[image: ]
Figure 6 Snapshot of PMI reported with 2 CSI-RS ports
[image: ]
Figure 7 Snapshot of PMI reported with 4 CSI-RS ports

Observation 1: Since the RI and PMI do not change significantly over a period of time, the UE can estimate the channel and the SINR using precoded DMRS and can report the CSI along with HARQ-ACK of the current transmission.   

Details of DMRS based CSI computation
Figure 8 shows the message sequence chart for DMRS based CSI computation. Note that for this method to work, we need CSI-RS transmission albeit less frequently for estimating the complete CSI from each transmission. During the muting period of CSI-RS, the UE can estimate the SINR using DMRS/PDSCH and feedback the CSI to the network as shown in Figure 8.

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

Figure 5 Message sequence chart using DMRS/PDSCH based CSI estimation

Note that with DMRS based CSI estimation the UE can estimate CQI, LI. Assuming wideband PDSCH transmission, Table 2 shows the possible CSI reporting entries using DMRS based CSI estimation.

Table 2 Possible CSI entries using DMRS/PDSCH based CSI estimation
	PMI-FormatIndicator=widebandPMI and CQI-FormatIndicator=widebandCQI
	PMI-FormatIndicator= subbandPMI or CQI-FormatIndicator=subbandCQI

	
	CSI Part I
	CSI Part II

	
	
	wideband
	Subband

	· CRI 
	· CRI
	· Wideband CQI for the second TB
	· Subband differential CQI for the second TB of all even subbands

	· Rank Indicator 
	· Rank Indicator
	· PMI  wideband (X1 and X2)
	· 
PMI subband information fields  of all even subbands

	· Layer Indicator 
	· Layer Indicator
	---------
	· Subband differential CQI for the second TB of all odd subbands

	· PMI  wideband (X1 and X2)
	· Wideband CQI for the first TB
	---------
	· 
PMI subband information fields  of all odd subbands

	· Wideband CQI 
	· Subband differential CQI for the first TB
	---------
	---------



Where  indicates that the configuration is not possible with DMRS/PDSCH based CSI estimation.

Hence we propose
Proposal 7: RAN1 should study DMRS/PDSCH based CSI estimation for UCI enhancements with single PDCCH based Multi TRP transmission


DM-RS Related Enhancements:
As in multi TRP/Panel, the number of VDM groups is equal to 2, where each TRP schedules one CDM group, we believe that Release 15 DMRS port mapping tables needs to be enhanced.  For 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. As shown in Table 3, DMRS indication table for DMRS Type -1, maxLength = 1. We can extend the other tables based on the same principle.

Table 3 DMRS port Indication tables for Type 1, maxLength =1
	Value
	Number of CDM group(s) without data
	DMRS port(s)

	0
	 2
	0,2

	1
	2
	1,3

	2
	2
	0,3

	3
	2 
	1,2

	4
	2
	0,1,2

	5
	2
	0,2,3

	6
	2
	1,2,3

	7
	2
	0,1,2,3

	8-15
	Reserved
	Reserved



Proposal 8:  Adopt new DMRS port indication tables taking into consideration of CDM groups 


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 TRP/panel transmission.  

Number of Codewords per TRP
In previous meeting regarding the number of codewords per TRP, it was concluded that single codeword transmission is used when the total number of layers is less than or equal to 4. Hence the layer mapping of Release 15 is reused for Release 16.
	Conclusion
No consensus in RAN1 on the support enhancing codeword layer mapping, by which transmission layers from each TRP can be mapped to a separate codeword when the total number of layers is ≤4.





However the single TRP transmission is different compared to multiple TRP transmission. For example, let’s say the TRPS uses two schedulers (co-ordinated) and it is possible to allocate different resources from each TRP. In this case, using the same MCS for each layer is not beneficial. This is because the channel quality of the layers from each TRP can be completely different and minimizing the MCS mapped to the lowest per layer SINR reduces the overall throughput of the system. Hence we propose
Proposal 10:  When the resource allocation for transmission from each TRP is different single codeword is used for each TRP when the number of layers per TRP is less than or equal to 4. 

Enhancements related to single PDCCH based NR URLLC for Better Reliability
The following schemes were agreed for further evaluation for URLLC using multiple TRPs.

	Agreement
To facilitate further down-selection for one or more schemes in RAN1#96bis, schemes for multi-TRP based URLLC, scheduled by single DCI at least, are clarified as following: 
· Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation 
· Scheme 1a:  
· Each transmission occasion is a layer or a set of layers of the same TB, with each layer or layer set is associated with one TCI and one set of DMRS port(s). 
· Single codeword with one RV is used across all spatial layers or layer sets. From the UE perspective, different coded bits are mapped to different layers or layer sets with the same mapping rule as in Rel-15. 
· Scheme 1b: 
· Each transmission occasion is a layer or a set of layers of the same TB, with each layer or layer set is associated with one TCI and one set of DMRS port(s).
· Single codeword with one RV is used for each spatial layer or layer set. The RVs corresponding to each spatial layer or layer set can be the same or different.
· FFS: codeword-to-layer mapping when total number of layers <= 4
· Scheme 1c: 
· One transmission occasion is one layer of the same TB with one DMRS port associated with multiple TCI state indices, or one layer of the same TB with multiple DMRS ports associated with multiple TCI state indices one by one.
· Applying different MCS/modulation orders for different layers or layer sets can be discussed.
· Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation  
· Each non-overlapped frequency resource allocation is associated with one TCI state.
· Same single/multiple DMRS port(s) are associated with all non-overlapped frequency resource allocations.
· Scheme 2a: 
· Single codeword with one RV is used across full resource allocation. From UE perspective, the common RB mapping (codeword to layer mapping as in Rel-15) is applied across full resource allocation. 
· Scheme 2b: 
· Single codeword with one RV is used for each non-overlapped frequency resource allocation. The RVs corresponding to each non-overlapped frequency resource allocation can be the same or different.
· Applying different MCS/modulation orders for different non-overlapped frequency resource allocations can be discussed.
· Details of frequency resource allocation mechanism for FDM 2a/2b with regarding to allocation granularity, time domain allocation can be discussed. 
· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation 
· Each transmission occasion of the TB has one TCI and one RV with the time granularity of mini-slot. 
· All transmission occasion (s) within the slot use a common MCS with same single or multiple DMRS port(s).  
· RV/TCI state can be same or different among transmission occasions. 
· FFS channel estimation interpolation across mini-slots with the same TCI index
· Scheme 4 (TDM): n (n<=Nt2) TCI states with K (n<=K) different slots. 
· Each transmission occasion of the TB has one TCI and one RV.  
· All transmission occasion (s) across K slots use a common MCS with same single or multiple DMRS port(s) 
· RV/TCI state can be same or different among transmission occasions. 
· FFS channel estimation interpolation across slots with the same TCI index
Note that M-TRP/panel based URLLC schemes shall be compared in terms of improved reliability, efficiency, and specification impact.
Note: Support of number of layers per TRP may be discussed.




In the previous meeting the following agreements were made regarding URLLC transmission with multiple TRPs.  

	Agreement
For multi-TRP based URLLC, scheduled by single DCI, support scheme 3 and 4 agreed in email discussion [96-NR-09]
· FFS any restrictions/modification of supporting scheme 3/4 for FR2
· For example, considering the number of beam switches within the slot, and the delay from scheduling DCI indicating beam switch to scheduled PDSCH
· Note how to address M-TRP/panel based URLLC operation in FR2 can be discussed from RAN1 #98 

Agreement
For multi-TRP based URLLC, scheduled by single DCI, 
· Support scheme 1a as agreed in email discussion [96-NR-09]
· FFS: Whether additional specification impact is necessary for URLLC
· On the support of schemes 2a, 2b
· Select one of the following: support 2a only, support 2b only, support both 2a and 2b, support none
· To facilitate further comparisons among 2a, 2b and baseline to understand technical benefits and use cases, consider both SLS and LLS simulation results
· Specification impact, and UE complexity need to be considered as well.
· Companies are encouraged to provide simulation results for LLS using at least the following parameters
· Pathloss delta between two TRPs: 0dB, 3dB, 6dB 
· Details on blockage to be provided by each company if any (for example, the probability that one out of 2 links is blocked is 5% or 10% with 10dB blockage loss for the blocked link)





As it was agreed to support schemes 1a, 3 and 4 for single PDCCH based solution. The only remaining aspect is whether to support frequency diversity from multiple TRPs. It is well known that this scheme gives full flexibility to the gNB scheduler(s). Hence we support this scheme. Regarding whether to support single RV or a different RV, we believe that the gains with single RV are better and some combination s of RV will degrade the performance.  Hence similar to scheme 1a, we support single RV transmission for scheme 2. 

Proposal 11:  Support scheme 2a for achieving better frequency diversity  
As RAN1 already agreed on the other schemes we encourage companies to think about how to indicate the scheme combination(s) such as SD,, SDM+FDM, SDM+FDM+TDM to the UE. In our view indicating the scheme to the UE is beneficial as the UE can use different soft combining techniques to achieve the full potential of the above schemes. Hence we propose 

Proposal 12:  Indicate the combination(s) to the UE using either DCI or using RRC signaling
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. 



 TRP-A


TRP-B

Noise
 
   UE1
PDSCH1
PDSCH3
Thermal noise + Other Interference+ Inter TRP Interference
 
   UE2
PDSCH2
Non-ideal Backhaul

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.
In the previous meeting the following agreements were made:

	Agreement
At least for eMBB with multi-DCI based multi-TRP/panel transmission, different PDSCH scrambling sequences can be supported for PDSCHs, and selection one from the following alternatives in RAN1#97: 
· Alt 1: enhance c_init, FFS detailed design in RAN1 97
· Alt 2: enhance RRC configurations to support multiple dataScramblingIdentityPDSCH

Agreement
For PDCCH monitoring and blind decoding for multi-DCI based multi-TRP/panel transmission,  
· Increase the maximal number of CORESETs per “PDCCH-config” up to N=[4, 5, or 6] subject to UE capability
· Increase the maximal number of BD/CCE per slot per serving cell, subject to UE capability

Agreement
For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used 
· Support TDMed PUCCH transmission within a slot to convey, at least separate ACK/NACK only feedback, with separated HARQ-ACK codebook for two TRPs
· FFS: Details on how this feature is supported in the specifications (for examples, introduction of restrictions and/or further enhancements)
Above applies at least for FR1 





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 3 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 13:  Add an additional alternative, Alt3 that Release 15 c_init is used and Co-ordination between the TRPs is not needed for scrambling id initialization  
[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 single PDCCH multi- TRP/Panel transmission, the UE expects two PDSCHs from individual TRPs 

Proposal 2:  TCI payload should be kept same as that of Release 15 TCI in the DCI


Proposal 3:  RAN1 should study two stage design of PDCCH for multiple TRP 


Proposal 4:  RAN1 should study techniques to reduce the payload for resource allocation in the DCI at the same time giving full scheduling flexibility to the network


Proposal 5: Use individual PUCCHs from the UE to transmit HARQ-ACK and CSI

Proposal 6: Reuse the priority rules from Release 15 and extend it to multiple TRPs



Proposal 7: RAN1 should study DMRS/PDSCH based CSI estimation for UCI enhancements with single PDCCH based Multi TRP transmission


Proposal 8:  Adopt new DMRS port indication tables taking into consideration of CDM groups 


Proposal 9: Additional PT-RS signal is recommended with multiple TRP/panel transmission.  


Proposal 10:  When the resource allocation for transmission from each TRP is different single codeword is used for each TRP when the number of layers per TRP is less than or equal to 4. 


Proposal 11:  Support scheme 2a for achieving better frequency diversity  

Proposal 12:  Indicate the combination(s) to the UE using either DCI or using RRC signaling


Proposal 13:  Add an additional alternative, Alt3 that Release 15 c_init is used and Co-ordination between the TRPs is not needed for scrambling id initialization  
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 With Ioc=-10 dB, with same scrambling ID
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