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1. Introduction
In the RAN1#68-bis meeting, there are some discussions on UL DM-RS enhancements for UL CoMP, and the conclusion on details of RRC configuration for UL DM-RS sequence and CS hopping is agreed as follows [1].
- Conclusion
▪ Working assumption is Alt 3. It could be revisited after checking if Alt 3 supports the four cases in the table, the range of the cinitCSH that needs to be signaled, and other relevant aspects. 
▪ Alt 3: 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))
On the other hand, there is no agreement on the issue of signaling for UL DM-RS, i.e. semi-static signaling or dynamic signaling. 
In the contribution, we will discuss further considerations on UL DM-RS enhancements based on the above conclusion and provide our views on the remained issues.
2. Details of RRC configuration for UL DM-RS sequence and CS hopping
In [2], there is a table to summarize cases for UL DM-RS configuration as below.

Table 1: Summary of UL DM-RS configuration
	configuration
	Supported by Alt.2?
(Alt.1 supports 
all configurations)
	 (BSIUEA,CSHUEA),
(BSIUEB,CSHUEB)
	Supported
orthogonality
	Supported
interference
randomization
	Area
splitting gain?

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

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

	2
	No
	(A,A),(B,A)
	OCC (any BW)
	Different BSI
	Yes

	3
	No
	(A,A),(A,B)
	CS (same BW)
	Different CSH
	Yes


It is one of open issues whether Alt 3 can support the four cases in Table 1. Alt 3 is a modification of Alt 1 in [2], i.e. ∆SS is removed in a parameter set and the parameter set includes only two parameters - {VCID, cinitCSH}.  

However, Alt 3 is also independent configuration, because the independent configuration between BSI(base sequence index) and CSH(cyclic shift hopping) can be achieved by independent configuration between VCID and cinitCSH. Although UE-specific ∆SS is not supported and only cell-specific ∆SS is supported as Rel-10 to generate base sequence, UE-specific base sequence generation could be possible by UE-specific configuration of VCID as already captured during previous E-mail discussion and [2]. 
As a result, Alt 3 could support the four cases in Table 1 because Alt 3 is also independent configuration between BSI and CSH.

The range of the cinitCSH is the other open issue. The cinit for CSH in Rel-10 is calculated with physical cell ID and fSSPUSCH as Equation 1. And the cinit is inserted for initialization value of LFSR having 31-blocks to generate 31-bits Gold sequence. However, the cinit can have the integer value among 0~541 except some values by available physical cell ID values and fSSPUSCH values, i.e. 
[image: image1.wmf]initinit

{0,1,2,,541} and mod32{30,31}

cc

ÎÏ

L

.

[image: image2.wmf]cell

5PUSCH

ID

initss

2

30

N

cf

êú

=×+

êú

ëû





[Equation 1]

For this issue, 4 options could be considered as below.

Option 1: 
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- The signaled value for cinitCSH can be any integer value among 0~541.
- According to the minimum/maximum value of cinit in Rel-10, i.e. the non-available values for cinit in Rel-10 (=
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Option 2: 
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- The signaled value for cinitCSH can be any integer value among 0~1023.

- According to the all possible values within 10 bits, i.e. the value beyond 541 is also possible.
Option 3: 
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- The signaled value for cinitCSH can be any integer value among 0~541 except some values.

- According to the only available values (=total 510 values) for cinit in Rel-10
Option 4: 
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- The signaled value for cinitCSH can be any integer value among 0~509 (only 9 bits is needed).
- According to the only available values (=total 510 values) for cinit in Rel-10, i.e. the result value for cinit is the same as Option 3, only signaled value for cinitCSH can be different. 

Among the above 4 options, we have no big preference. However, if there is no other significant reason, it can be a baseline that the possible values for CSH initialization (cinit) signaled by cinitCSH can be the same as available values for CSH initialization in Rel-10, e.g. Option 3 or Option 4.
Proposal 1: For details of RRC configuration for UL DM-RS sequence and CS hopping, Alt. 3 having two independent parameters – {VCID, cinitCSH} could be supported.
  - The possible values for CSH initialization (cinit) signaled by cinitCSH can be the same as available values for CSH initialization in Rel-10, e.g. Option 3 or Option 4.
 
3. Needs for dynamic switching between two configurations
Alt 1: only one type of configurable BSI&CSH for each UE in certain time [3]
▪ The BSI&CSH can be semi-statically configured in a UE-specific manner

Alt 2: dynamic selection between two types of configurable BSI&CSH for each UE in certain time [4]
▪ Each type of BSI&CSH can be semi-statically configured in a UE-specific manner

For UL DM-RS’s BSI&CSH configurations (=there can be 4 cases as mentioned in Table 1) in Rel-11, we can consider two alternatives as the above. In Alt 1, only one type of BSI&CSH can be supported for each UE in certain time, and the BSI&CSH can be semi-statically configured in a UE-specific manner. In Alt. 2, two types of BSI&CSH can be supported for each UE in certain time, and one of the BSI&CSH can be dynamically selected. Each BSI&CSH would also be semi-statically configured in a UE-specific manner. 

However, as detailedly explained in [5], there are needs to select BSI&CSH between two types of BSI&CSH for generation of UL DM-RS according to the various environments. 

If only one type of configurable BSI&CSH is supported as Alt 1, there could be some problems in certain environments. For example, only one configurable BSI&CSH which support RP-specific configuration in CoMP scenario 1/2/3 could have difficulty in supporting UL DM-RS’s orthogonality for the UEs paired for inter-point MU-MIMO and/or the UE in JR CoMP. Although it is possible by explicit high layer signaling, it can be only semi-statically applied. It means that the dynamic change among various transmission schemes as the CoMP and/or MU-MIMO could not be possible. If the dynamic selection of BSI&CSH to satisfy different purposes (=inter-point orthogonality and inter-point interference randomization) is not supported, it causes either degradation of UL DM-RS capacity or increase of inter-point interference.

Furthermore, the using of two types of BSI&CSH including Rel-10 BSI&CSH configuration could have some benefits on flexible MU-MIMO scheduling if we consider MU-MIMO transmission between legacy Rel-9/10 UE and Rel-11 UE. 

Therefore, the dynamic switching between two types of BSI&CSH in a UE-specific manner as Alt 2 should be introduced for Rel-11 UL DM-RS’s generation.

To support dynamic switching between two types of configurable BSI&CSH, the dynamic signaling with a pre-signalled parameter can be needed. As the simple way, additional 1 bit field could be added in DCI for UL grant. However, if 1 bit additional overhead in DCI has to be carefully considered as the case of introducing OCC in Rel-10, an implicit signaling could be investigated which utilizes current UL DM-RS signaling parameters (e.g. cyclic shift field, RB assignment field, etc.).
Proposal 2: 

Dynamic switching between two types of configurable BSI&CSH should be supported for UL DM-RS.

- CoMP scenario 1/2/3
▪ Type A: BSI&CSH to support inter-point orthogonality by CS or OCC among UL DM-RSs
→ achieved by RP-common configuration 
▪ Type B: BSI&CSH to support inter-point interference randomization among UL DM-RSs
→ achieved by current Rel-10 mechanism (=RP-specific configuration with different PCIs among points)
- CoMP scenario 4
▪ Type A: BSI&CSH to support inter-point orthogonality by CS or OCC among UL DM-RSs
→ achieved by current Rel-10 mechanism (=RP-common configuration with the same PCI among points)
▪ Type B: BSI&CSH to support inter-point interference randomization among UL DM-RSs
→ achieved by RP-specific configuration 
4. Conclusion
In this contribution, we discussed considerations on UL DM-RS enhancement for UL CoMP in Rel-11 as follows:
- For details of RRC configuration for UL DM-RS sequence and CS hopping, Alt. 3 having two independent parameters – {VCID, cinitCSH } could be supported.

  ▪ The possible values for CSH initialization (cinit) signaled by cinitCSH can be the same as available values for CSH initialization in Rel-10, e.g. Option 3 or Option 4.

- Dynamic switching between two types of configurable BSI&CSH should be supported for UL DM-RS.

▪ CoMP scenario 1/2/3

▫ Type A: BSI&CSH to support inter-point orthogonality by CS or OCC among UL DM-RSs
→ achieved by RP-common configuration 

▫ Type B: BSI&CSH to support inter-point interference randomization among UL DM-RSs
→ achieved by current Rel-10 mechanism
 (=RP-specific configuration with different PCIs among points)

▪ CoMP scenario 4

▫ Type A: BSI&CSH to support inter-point orthogonality by CS or OCC among UL DM-RSs
→ achieved by current Rel-10 mechanism 
(=RP-common configuration with the same PCI among points)

▫ Type B: BSI&CSH to support inter-point interference randomization among UL DM-RSs
→ achieved by RP-specific configuration 
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