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Introduction
The work item on NR MIMO enhancement has been approved in RAN#80 [1]. The enhancement for NR MIMO has the following objective:
· Perform study and make conclusion in the first RAN1 meeting after start of the WI, and if needed, specify CSI-RS and DMRS (both downlink and uplink) enhancement for PAPR reduction for one or multiple layers (no change on RE mapping specified in Rel-15)

The following agreements were made in the RAN1#95 meeting [2]:
	Agreement
The working assumption from RAN1#95 on low PAPR RS for Rel-16 NR is confirmed as an agreement 
· For PDSCH DMRS and PUSCH DMRS for CP-OFDM, DMRS enhancements are specified in Rel.16 to reduce the PAPR to the same level as for data symbols for all port combinations given by 38.212
· For the Rel-16 DMRS enhancement, each CDM group can be configured with different cinit
· For Type 1, the two cinit (configured by nSCID=0,1, respectively) in Rel-15 are used for port(s) in each of the two CDM groups, respectively
· For Type 2, introduce the CDM group index in cinit 
· FFS: How CDM group index is derived?
· For Type 1 and Type 2, simultaneously use dynamic TRP selection (or MU-MIMO pairing with different nSCID) and CDM group specific cinit is supported
· The following solution categories are precluded 
· Modification of OCC 
· Modification to PN sequence generation, such as subsampling a longer sequence
· Note: Concerns raised by MediaTek that preclusion of the above solutions will negatively impact power imbalance issue
· Carefully consider backward compatibility issues and the total number of cinit configured per UE
· For PUSCH/PUCCH DMRS for pi/2 modulation, new DMRS sequences are specified in Rel.16 to reduce the PAPR to the same level as for data symbols
· Carefully consider channel estimation performance and cross correlation performance
· For the next meeting:
· CSI-RS PAPR reduction
· Whether to specify a solution to reduce the PAPR to the same level as for data symbols for all CSI-RS configurations given by 38.211
· Power imbalance issues
· Power imbalance between PAs, between OFDM symbols, between RE in same OFDM symbol 
· Whether is it in scope of WI and if so, whether to specify a solution





	Agreement
For CP-OFDM and for both DMRS type 1 and 2, the following cinit for CDM group λ is used for Rel-16 DMRS sequence generation

and where nSCID is provided by DCI. Lambda is absolute CDM group index.

For further study:
When 2nd or 3rd CDM group is used, there are two behaviors for a Rel.16 UE: Rel.15 or Rel.16 sequences
· Alt.1 RRC signaling to configure the use of R.15 or R.16 sequence for 2nd and 3rd CDM group
· Alt.2 RRC + DCI signaling to switch between R.15 or R.16 sequence for 2nd and 3rd CDM group
· DCI code points or explicit (new) bit can be used
More analysis of potential benefits needed, downselect next meeting between Alt. 1 and 2 




It has also been agreed that there is no enhancement on the PAPR issue for CSI-RS. So in this contribution, we share our views on the backward compatibility of PAPR issue for DMRS.
Discussion on DMRS PAPR issue 

For Type 1 DMRS, a comb-2 structure with 2 CDM groups is used, and for Type 2, a comb-3 structure with 3 CDM groups is used. Identical sequences of Rel-15 generated for different ports will cause the high PAPR issue when DMRS ports assigned to a certain UE are from multiple CDM groups. In Rel-16, for Type 1 & 2 DMRS, different DMRS sequences can be generated for the ports from different CDM groups. 

For the DM-RS of CP-OFDM waveform, the sequence  is generated as for both UL and DL [3],



And in Rel-15 the pseudo-random sequence is initialized with 



In Rel-16 the pseudo-random sequence is initialized with

and where nSCID is provided by DCI. Lambda is absolute CDM group index.

So with the new approach in Rel-16, we have the following comparison of the sequence initialization methods between Rel-15 and Rel-16 which is illustrated as below.
For nSCID=0,1 we have the two seeds A and B in Rel -15, and four seeds A, B, C and D in Rel-16 as A=(
B= (
C= (
D= (

The combinations of the seeds for CDM groups of different DMRS types are shown in Table2.1 and Table 2.2. The parameter   is configured per UE in the DM-RS sequence initialization field (1bits) in the DCI 0-1 for the UL or DCI 1-1 for the DL in Rel-15. And for Rel-16, the  is provided by DCI, detailed signaling has not decided yet.

Table 2.1. Type1 DMRS sequence initialization combinations for different CDM groups
	
	R16
	R15

	
	cinit  when nSCID=0 indicated for CDM0
	cinit  when nSCID=1 indicated for CDM0
	cinit  when nSCID=0
	cinit  when nSCID=1

	cinit for CDM group λ=0
	A
	B
	A
	B

	cinit for CDM group λ=1
	B
	A
	A
	B



Table2.2 Type2 DMRS sequence initialization combinations for different CDM groups 
	
	R16 
	R15

	
	cinit  when nSCID=0 indicated for CDM0
	cinit  when nSCID=1 indicated for CDM0
	cinit  when nSCID=0
	cinit  when nSCID=1

	cinit for CDM group λ=0
	A
	B
	A
	B

	cinit for CDM group λ=1
	B
	A
	A
	B

	cinit for CDM group λ=2
	C
	D
	A
	B


For CDM#2, a new generation formula is introduced, and the combined use of nSCID for CDM group #0 and CDM group#1in Rel-16 makes DMRS sequence generated differently for each port within a DMRS port combination defined in [4]. Thus high PAPR issue can be solved when DMRS ports from multiple CDM groups are assigned to a single UE for both the UL and the DL. But since the DMRS sequence may not be the same between Rel-15 and Rel-16 UEs in one certain CDM group, the backward compatibility and the scheduling flexibility are the main concerns for this new generation scheme. 
Considering the co-existence of Rel-15 and Rel-16 UEs, we think that the backward compatibility and scheduling flexibility should be maximally maintained.  For the uplink MU-MIMO, gNB knows the sequences used by the Rel-15 and Rel-16 UEs, so there are no backward compatibility issues. But for the downlink MU-MIMO, the MU-interference detection issue should be taken into account. When Rel-15 UE and Rel-16 UE are co-scheduled, MU interference cannot be ignored. But the Rel-15 UE cannot accurately detect MU-interference since it cannot know the DMRS sequence of the Rel-16 UE, for example, when the DMRS type1 is applied, one Rel-15 UE is configured with DMRS port 0-1, and Number of DMRS CDM group without data is 2, then it is uncertain about which sequence the pairing UE is using in CDM group 1. This leads to the incompatibility problems and a performance degradation of the Rel-15 UE for the MU pairing with Rel-16 UEs. To solve this problem, dynamically configuration of a Rel-16 UE to fall back to R15 sequence can do benefits to the inference estimation for Rel-15 UEs.

Considering the MU pairing between Rel-15 and Rel-16 UEs, some scheduling limitations have to be applied to maintain the orthogonality of the DMRS ports between the Rel-15 and Rel-16 UEs for the current DMRS design.
If the UEs using R15 sequence and UEs using R16 sequence are to be CDM-ed in MU pairing within a certain CDM group, this need to be achieved by dynamically configuring the proper nSCID or the combination of nSCID   for the CDM group of each UE by DCI signaling. This brings complexity for the scheduler when massive UEs is in the cell. When in many scenarios PAPR is not the main problem, such complex scheduling is just a burden to the network, so support of the fall back mechanism to the Rel-15 sequence will simplify the implementation of the network side.

The pairing in CDM group 2 has great limitations between Rel-15 and Rel-16 UEs since a new sequence generation for CDM group 2 is adopted in Rel-16. For example, as the cases shown in Table 2.3, for the downlink, a Rel-15 UEs with port 4 cannot co-schedule with Rel-16 UE with port5 to keep the orthogonality between DMRS ports of UEs. And for the cases shown in Table 2.4, all these port configurations cannot co-schedule with one another between Rel-15 and Rel-16 UEs to maintain the orthogonality of the DMRS ports. Same for the UL MIMO for DMRS Type2, examples are given in Table 2.5 and 2.6.  We can see that this issue can be solved by letting the R16 UE fall back to use the R15 sequence. 
· 
                 Table2.3 DL DMRS ports (dmrs-Type=2, maxLength=1)
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	15
	3
	4

	16
	3
	5



                   Table2.4 DL DMRS ports (dmrs-Type=2, maxLength=2)
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	15
	3
	4
	1

	16
	3
	5
	1

	28
	3
	4
	2

	29
	3
	5
	2

	34
	3
	10
	2

	35
	3
	11
	2

	38
	3
	4,5
	2

	41
	3
	10,11
	2

	44
	3
	4,5,10
	2



Table2.5 UL DMRS ports (dmrs-Type=2, maxLength=1, rank=1)
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	10
	3
	4

	11
	3
	5



Table2.6 ULDMRS ports (dmrs-Type=2, maxLength=2, rank=1)
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	10
	3
	4
	1

	11
	3
	5
	1

	16
	3
	4
	2

	17
	3
	5
	2

	22
	3
	10
	2

	23
	3
	11
	2



With the analysis above, the backward compatibility issue can be solved with the fall back mechanism of the Rel-15 DMRS sequence for Rel-16 UEs.

Two options are suggested from last meeting, as using RRC signaling or RRC+ DCI signaling:
Alt.1: RRC signaling to configure the use of R.15 or R.16 sequence for 2nd and 3rd CDM group 
Add a RRC parameter in Rel-16 to enable the configuration of Rel-15 sequence or the Rel-16 sequence for PDSCH DMRS and PUSCH DMRS separately. Since the scenarios for PAPR enhancement is limited, it is reasonable to make the Rel-15 sequence as the default option. If the parameter is not configured by the network, the Rel-15 sequence is used by default.

Alt.2: RRC + DCI signaling to switch between R.15 or R.16 sequence for 2nd and 3rd CDM group
a) Add 1-bit DCI configurable to indicate the use of Rel-16 sequence or the Rel-15 sequence. So there is 1 bit to indicate the   of the first CDM group, and another1bit for the indication of the release of the sequence. With these two bits DCI combination, it can be interpreted into the following Table with 4 codepoints,

Table 2.7 2bit-DCI method a
	1 DCI bit indicating  
	1DCI bit indicating the choice of R15/R16 DMRS sequence
	 for CDM group 0
	 for CDM group 1(implicitly obtained)
	 for CDM group 2(implicitly obtained)
(Type2 only)

	0 
	0
	0
	0
	0

	0
	1
	0
	1
	0

	1
	1
	1
	0
	1

	1
	0
	1
	1
	1



b) DCI code points are suggested, by extending the   configured per UE in the DM-RS sequence initialization field (1bits) to 2 bits in the DCI 0-1 for the UL or DCI 1-1 for the DL. 
The 2-bit DCI directly indicate the  combinations for CDM groups {0, 1} for Type 1 DMRS both for the downlink and the uplink. For Type 2 DMRS, the  of the 2nd CDM group is the same with the CDM group #0 as agreed last meeting.

Table2.8   2-bit DCI indication of the  combinations of the first two CDM groups {0, 1}
	2bit DCI bits indicating the  combinations
	 for CDM group 0
	 for CDM group 1
	 for CDM group 2(implicitly obtained) (Type2 only)

	0 
	0
	0
	0

	1
	0
	1
	0

	2
	1
	0
	1

	3
	1
	1
	1



The codepoints of ‘00’ and ‘11’ can be used for the Rel-15 DMRS sequence generation with same  for CDM group 0 and 1. The codepoints of ‘01’ and ‘10’ can be used for the Rel-16 enhancement with different  for CDM group 0 and 1. Since the  of the 2nd CDM group is the same as the one used in CDM group 0, only the codepoints indicating of the first two CDM groups is enough,  and th  of the 2nd CDM group can be got implicitly as shown in Table 2.8.

With these two methods, dynamic switching can be achieved by 2-bit DCI, but obviously method b is more direct and easier to be applied in the system.

From the previous analysis on the MU-interference and scheduling flexibility, we can see the necessity of the support of the fall back mechanism of the R15 DMRS sequence for a Rel-16 UE. And considering the characteristics of the fast-changing pairing for MU-MIMO scenarios, we think the RRC+DCI signaling should be used to better support the dynamic switching between the DMRS sequences. And the method of DCI codepoints is a more direct and simple way too.

Proposal 1:  Use RRC+DCI signaling in Rel-16 to enable the configuration of Rel-15 sequence or the Rel-16 sequence for PDSCH DMRS and PUSCH DMRS separately. 

Proposal 2: The DCI codepoints as shown in table below are suggested to support the RRC+DCI signaling indication of the detailed   combinations of the first two CDM groups {0, 1} and the  of CDM group 2can be got implicitly for both DL and UL.
	2bit DCI bits indicating the  combinations
	 for CDM group 0
	 for CDM group 1
	 for CDM group 2(implicitly obtained) (Type2 only)

	0 
	0
	0
	0

	1
	0
	1
	0

	2
	1
	0
	1

	3
	1
	1
	1



Conclusions
In this contribution we give our views on the backward compatibility of the DMRS PAPR issue, and according to the signaling, we have 
Proposal 1:  Use RRC+DCI signaling in Rel-16 to enable the configuration of Rel-15 sequence or the Rel-16 sequence for PDSCH DMRS and PUSCH DMRS separately. 

Proposal 2: The DCI codepoints as shown in table below are suggested to support the RRC+DCI signaling indication of the detailed   combinations of the first two CDM groups {0, 1} and the  of CDM group 2can be got implicitly for both DL and UL.

	2bit DCI bits indicating the  combinations
	 for CDM group 0
	 for CDM group 1
	 for CDM group 2(implicitly obtained) (Type2 only)

	0 
	0
	0
	0

	1
	0
	1
	0

	2
	1
	0
	1

	3
	1
	1
	1
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