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1 Introduction
In RAN1#68bis, the details of UE-specific PUSCH DMRS configuration were discussed [1]. The working assumption was:
· An RRC configuration of UE-specific PUSCH DMRS includes the following RRC defined UE-specific parameters;
A) VCID, used to derive base sequence, and

B) cinitCSH, substituted to cinit in the CSH initialization (nPN(ns)),
where the configuration could be revisited after checking if the above configuration supports four cases in the table, the range of the cinitCSH that needs to be signaled, and other relevant aspects.
Table 1. Summary of DMRS configurations.

	Config.:
	(BSIUEA,CSHUEA), (BSIUEB,CSHUEB)
	Supported orthogonality:
	Supported interference randomization:
	Area splitting gain?

	1a
	(A,A),(A,A)
	CS (same BW)
	SGH
	No

	1b
	(A,A),(A,A)
	OCC (any BW)
	No
	No

	2
	(A,A),(B,A)
	OCC (any BW)
	Different BSI
	Yes

	3
	(A,A),(A,B)
	CS (same BW)
	Different CSH
	Yes


Besides, dynamic signaling was also discussed based on a Way Forward [2]. The observation on this point was:
· There is performance gain with dynamic signaling. The cost relating to the introduction of new bits/states in the DCI format, such as new TM, fallback issues, etc, need to be considered as well.
In this contribution, we provide further discussion on these two aspects.
2 RRC configuration of UE-specific PUSCH DMRS 
2.1 Current Rel.10 PUSCH DMRS
The current cell-specific DMRS configurations on base sequence and cyclic shift hopping in Rel.10 is as follows.

· Configuration of base sequence 

In Rel.10, the base sequence group number u in slot ns is expressed as

[image: image1.wmf]30

mod

)

)

(

(

ss

s

gh

f

n

f

u

+

=

,








(1)
where fgh(ns) and fss represent a group hopping pattern and a sequency-shift value, respectively, given by
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with the initial value of the group hopping pattern being
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for PUSCH, where 
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· Configuration of cyclic shift hopping

The cell-specific cyclic shift hopping pattern is given by
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with the initial value of the cyclic shift hopping pattern being 
[image: image7.wmf]ë

û

ss

5

cell

ID

CSH

init

2

30

/

f

N

c

+

×

=

.
It can be understood from Eqs. (1)~(4) that the current Rel.10 PUSCH DMRS configuration (base sequence and cyclic shift hopping) is determined by cell-specific parameters, 
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2.2 Detailed configuration of UE-specific PUSCH DMRS 
The UE-specific configuration of PUSCH DMRS that supports all the four cases in the table 1 can be determined by UE-specific parameters, VCID and cinitCSH_UE, as pointed out by [3], if the base sequence hopping initialization cinitBSI, sequence-shift value fss, and cyclic shift hopping initialization cinitCSH in Rel.10, are replaced by the following parameters:
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where 
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 denotes replacement of X by Y.

In RAN1#68bis, the need of UE-specific ss was discussed [1]. However, UE-specific ss is always redundant since for arbitral combination of 
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, following two equations can be simultaneously held by choosing appropriate value on VCID.
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Observation 1: UE-specific signaling of ss is redundant; i.e., all the four cases in the table 1 can be supported by configuring UE-specific VCID and cinitCSH.

It should be noted that in order to cover all the existing configurations provided by the combination of 
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 is 0~503, the value range of VCID shall be 0~509. 
Regarding cyclic shift hopping, the range of existing initial value for cyclic shift hopping, i.e., 
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, is 0~541. In order to cover all the patterns provided by arbitral combination of 
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, the range of cinitCSH_UE shall be 0~541.
According to above discussion, our proposed minimum requirements on VCID range and cinitCSH_UE range are 0~509 and 0~541, respectively. Since 9 bits and 10 bits need to be reserved for configuring VCID and cinitCSH_UE,their ranges can easily be extended to 0~511 and 0~1023 without any cost. It is beneficial to have additional values than the minimum requirements to alleviate the coordination effort for VCID assignment by the network. Therefore, we propose to support the range 0~1023 for each. 
Proposal 1: Support UE-specific configuration of VCID and cinitCSH_UE. UE-specific signaling of ss is redundant.

Proposal 2: The minimum requirements on the VCID range and cinitCSH_UE range are 0~509 and 0~541, respectively. 
Proposal 3: The range of VCID and cinitCSH_UE is both 0~1023.

3 Dynamic signalling of UE-specific PUSCH DMRS 

As pointed out in [1], fallback function into a cell-specific PUSCH DMRS configuration is needed in case for RRC reconfiguration uncertainty. In addition, for a flexible operation of UE-specific PUSCH DMRS configuration, dynamically selecting one from two UE-specific PUSCH DMRS configurations is preferable.To provide fallback mechanism, we propose that cell-specific configuration is used when uplink-related DCI is mapped on common search space, while UE-specific configuration is used in case it is mapped on UE-specific search space. For dynamic selection of UE-specific configuration, we propose to add 1-bit in the uplink-related DCI mapped on UE-specific search space. One of UE-specific PUSCH DMRS configurations can be the same as cell-specific configuration as parameter setting if common search space is expected to be congested. 
It is noted that similar to Rel-10 discussion, the payload size of DCI in common search space shall not be changed. Therefore, modification should be limited to uplink-related DCI mapped only on UE-specific search space.
Proposal 4: Add 1-bit on uplink-related DCI formats mapped on UE-specific search space for dynamic selection of UE-specific PUSCH DMRS configuration; the bit is not present if the DCI is mapped on common search space. 
Proposal 5: Cell-specific PUSCH DMRS configuration is used if the uplink-related DCI is mapped on common search space.
4 Conclusion 

In this contribution, we discussed the details of PUSCH DMRS configuration and signalling. Following are our proposals.
Proposal 1: Support UE-specific configuration of VCID and cinitCSH_UE. UE-specific signaling of ss is redundant.

Proposal 2: The minimum requirements on the VCID range and cinitCSH_UE range are 0~509 and 0~541, respectively. 
Proposal 3: In order to alleviate the coordination effort, the range of VCID and cinitCSH_UE is both 0~1023.
Proposal 4: Add 1-bit in uplink-related DCI formats mapped on UE-specific search space for dynamic selection of UE-specific PUSCH DMRS configuration; the bit is not present if the DCI is mapped on common search space.
Proposal 5: Cell-specific PUSCH DMRS configuration is used if the uplink-related DCI is mapped on common search space.
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