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1. Introduction
In RAN1#68bis meeting, the following working assumption was agreed for further discussion on UL DMRS enhancement:
Working assumption
A RRC configuration includes the following RRC defined UE specific parameters, {VCID, cinitCSH}.

· VCID is used to derive base sequence
· cinitCSH  substitutes cinit in the CSH initialization (nPN(nS))
Could be revisited after checking if it supports the four cases in the table [1], the range of the cinitCSH that needs to be signaled, and other relevant aspects.
In this contribution, we analyze different application cases of this assumption, and also provide some suggestions for further work on the DMRS configuration.
2. Discussion
2.1. RRC configuration for DMRS
A RRC configuration with two UE-specific parameters {VCID, cinitCSH} was the initially agreed as working assumption for UL DMRS in the RAN1#68bis meeting. Compared to configure cinitCSH directly, another alternative method would be another virtual ID for the initialization value of CSH, which may save the signaling overhead and simplify the calculation of cinitCSH as shown below. On the other hand, Dss is not signaled for each UE, and then a predefined Dss may be used for Rel-11 UEs. In this section, we analyze the following application cases for the working assumption associating with different values of Dss:
	Case1
	Multiplexing with Rel-11 UE in the same cell

	Case2
	Multiplexing with Rel-11 UE in the neighboring cell

	Case3
	Multiplexing with legacy UE in the same cell

	Case4
	Multiplexing with legacy UE in the neighboring cell


Here, we calculate the specific values of RRC configuration (VCID =
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 is used to derive base sequence) for the above four multiplexing cases to study the feasibility and further optimization.
RRC configuration in case of Dss=0 for Rel-11 UEs
With Dss=0, the parameters for base sequence are obtained from 
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If 
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is used to calculate
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, the initialization value of CSH can be expressed as:
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The RRC parameters can be calculated in different application cases for the same BSI and/or CSH by following.
· Case1: Multiplexing with Rel-11 UE in the same cell
The multiplexing UEs can be simply configured with the same 
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for the same BSI and/or CSH.
· Case2: Multiplexing with Rel-11 UE in the neighboring cell
The multiplexing UEs can also be configured with the same 
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for the same BSI and/or CSH.

· Case3: Multiplexing with legacy UE in the same cell 
For the same BSI of multiplexing UEs, the 
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where the 
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is the cell-specific configuration of Dss. This can be obtained via 
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when 
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It can be simplified to be 
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For the same CSH of multiplexing UEs, the 
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This is very similar to formula (3) and the same value as (4)(5) can be completely reused.

If 
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is directly indicated, the same value as that of legacy UE can be directly reused.

· Case4: Multiplexing with legacy UE in the neighboring cell
This case is similar to Case 3 except that the 
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are the corresponding values of the multiplexing UE in neighboring cell. If the 
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 of multiplexing UE is not directly informed from neighboring cell, the eNB should calculate this value according to:
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where 
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is the Cell ID and Dss of the multiplexing UE in neighboring cell.
RRC configuration in case of cell-specific Dss for Rel-11 UEs
· Case1: Multiplexing with Rel-11 UE in the same cell
The multiplexing UEs can be simply configured with the same 
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for the same BSI and/or CSH.

· Case2: Multiplexing with Rel-11 UE in the neighboring cell
For the same BSI of multiplexing UEs, the 
[image: image34.wmf]ID

virtual

N

should satisfy:


[image: image35.wmf]virtual

virtual

ID,1

ID

3030

N

N

êú

êú

=

êú

êú

ëû

ëû

 and 
[image: image36.wmf](

)

(

)

(

)

(

)

virtualvirtual

IDssID,1ss,1

mod30mod30mod30mod30

NN

+D=+D

  (8)
where 
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is the VCID and Dss of the multiplexing UE in neighboring cell, and 
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is the Dss of the serving cell. The VCID satisfying these can be expressed as:
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For the same CSH, same value as (9) can be completely reused for 
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is directly indicated, the same value as that of the multiplexing UE can be directly reused.
· Case3: Multiplexing with legacy UE in the same cell
The 
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can be configured to be 
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for the same BSI and/or CSH. If 
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is directly indicated, the same value as that of legacy UE can be directly reused.
· Case4: Multiplexing with legacy UE in the neighboring cell
For the same BSI and/or CSH, the formula (9) can be reused for 
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is directly indicated, the same value as that of multiplexing UE can be reused. If only 
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is informed from neighboring cell, the 
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should be calculated according to formula (7).

Observation: there is no problem if there is no any additional signaling or operation for Dss considering all cases. 

Further considerations on the assumption
From the above discussion, the working assumption with different predefined Dss can all work for different multiplexing cases. However, the complexity is different for different types of configuration. Note that if Dss is configured via UE-specific way, there is the similar complexity as applying cell-specific Dss or Dss=0 for Rel-11 UEs. Compared with using cell-specific Dss, the simplest case is to configure cell-specific Dss equal to 0, i.e. Dss=0 for all legacy and R-11 UEs, which depends on network implementation. However, when cell-specific Dss is not equal to 0, the parameters calculation with Dss=0 configured for Rel-11 UE is simpler when a Rel-11 UE is multiplexed with UEs from neighboring cell. Considering that the link between the base sequences of PUCCH and PUSCH DMRS is no longer needed as shown in [3], Dss can be set to be 0 for Rel-11 UEs for simplification. 
Proposal 1: UE-specific configuration of Dss is not considered and Dss can be predefined to be 0 for Rel-11 UEs.
It can also be found from the analysis that, for the same BSI and CSH of paired UEs, the 
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 without additional calculation. It means that the complexity and overhead can be further reduced by using single 
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. Hence, VCID and cinitCSH do not need to be signaled as a set (i.e. there must be a cinitCSH with VCID simultaneously signaled to UE), particularly when the DMRS configuration is only signaled to UE semi-statically. That is, when only RRC signaling of VCID is configured to a certain UE and cinitCSH is not configured, BSI and initialization of CSH are both calculated by this VCID. For more flexible application in some scenarios, 
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 or cinitCSH can be additionally signaled to UE substituting cinit calculated by previous VCID. Since it is more universal that multiplexed UEs are configured with both the same BSI and CSH, single VCID is proposed to be the default RRC configuration for DMRS. By this way, redundant signaling would be avoided and meanwhile flexibility from cinitCSH can also be achieved if needed. 

However, if dynamic signaling is introduced for DMRS configuration, one or multiple sets including VCID and cinitCSH as well as default link between them would be configured to minimize additional downlink signaling. Then the above configuration may be unfeasible.
Proposal 2:
- With only semi-static signaling for DMRS configuration, VCID and cinitCSH  can be signaled independently and VCID is used to derive BSH and CSH pattern if the configuration for cinitCSH is not signaled.
-  With dynamic signaling for DMRS configuration, two sets of {VCID, cinitCSH} are recommended.
The discussion on semi-static and dynamic signaling is provided in section 2.2.

2.2. Signaling for DMRS configuration
The indication method of different RRC configurations was also an argumentative topic in #68bis meeting. Dynamic or semi-statistic signaling show benefits from different aspects. Dynamic signaling can provide better scheduling flexibility to support MU-pairing of UEs from different cells and UEs with different release versions. It is expected that the UL DMRS can hold simple and good design consistent with the DL DMRS for similar scenarios. Nevertheless, in DL CoMP, new DCI is likely to be introduced, and the DMRS configuration can be implicitly indicated via joint coding without additional overhead. For UL DMRS, explicit bit would be needed in DCI format 0/4 for dynamic indication. This is also the point showing the advantage of semi-statistic configuration. Dynamic signaling can be considered if the additional flexibility can provide gain which is worthy of the signaling overhead. If dynamic signing is introduced, the PDCCH overhead should be minimized to be at most 1bit.
Proposal 3: If dynamic signaling can show acceptable gain, one bit can be introduced in UL grant for DMRS configuration. Otherwise, only semi-static signaling should be supported. 
3. Conclusions

In this contribution, we discuss the remaining issues for UL DMRS enhancement in Rel-11 based on the current working assumption. According to the analysis on RRC configuration in different application scenarios, some further details of the working assumption are provided. The following proposals are what we recommend:
Proposal 1: UE-specific configuration of Dss is not considered and Dss can be predefined to be 0 for Rel-11 UEs
Proposal 2: 
-With only semi-static signaling for DMRS configuration, VCID and cinitCSH can be signaled independently and VCID is used to derive BSH and CSH pattern if the configuration for cinitCSH is not signaled.
-With dynamic signaling for DMRS configuration, two sets of {VCID, cinitCSH} are recommended.
Proposal 3: If dynamic signaling can show acceptable gain, one bit can be introduced in UL grant for DMRS configuration.  Otherwise, only semi-static signaling should be supported.
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