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1. Introduction
In RAN1#68 meeting, following working assumptions have been confirmed on PUSCH DMRS enhancement in Rel-11 [1]:
· UE-specific configuration of base sequence

· 
UE-specific configuration of CS hopping
There also have been the below two FFS parts from RAN1#67:

· FFS whether the base sequence and CS-hopping are independently configured

· FFS whether configuration is semi-static or dynamic

Regarding the first FFS point, following two WFs were presented in RAN1#68 meeting:

· Alt 1 in [2]: A RRC configuration includes the following RRC defined UE specific parameters, {NIDBSI, DSSBSI, cinitCSH}.

· NIDBSI (0 to 503) and DSSBSI  substitute NIDCELL and DSS in the group number (u) and sequence index (v) generation formulas (including SH and SGH initialization)

· cinitCSH  substitutes cinit in the CSH initialization (nPN(nS))

· Alt 2 in [3]: A UE is configured with a virtual cell ID, which is used to derive base sequence as well as CS hopping
In this contribution, we further discuss the first FFS point regarding whether the base sequence and CS-hopping are independently configured, and followed by the second FFS point regarding whether configuration is semi-static or dynamic.

2. Dependency between the base sequence and CS hopping
2.1. Redundancy of UE-specific signaling of DSS
Alt 1 considers 3 UE-specific parameters of {NIDBSI, DSSBSI, cinitCSH}, whereas Alt 2 considers only 1 UE-specific parameter of a Virtual Cell ID (VCI). In this sub-section, we first clarify such UE-specific signaling of DSS (as denoted by DSSBSI in Alt 1) is clearly redundant.

From Release-8, the base sequence index u is determined by a group hopping pattern 
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is only determined by an initialization value of 
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No matter what legacy cell-specific parameters of NIDcell and ss are given, we can always simply choose a VCI = 30*cinit + fssPUSCH,
to produce the same legacy base sequence. Note that we achieved that the integer part of VCI/30 is the same as legacy 
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, and the modulo part of VCI/30 is the same as legacy 
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 as well.
Therefore, a VCI(0 to 509) can always be chosen simply to get the same legacy base sequence. Here, Rel-11 UEs assume ss=0 instead of the cell-specific ss, as shown in the equation.
Now, we can summarize the parameter sets for Alt 1 and Alt 2 as follows:

· Alt 1: {VCI, cinitCSH}

· Alt 2: {VCI }
And we have simply two modified equations for Rel-11 UE’s base sequence index as specified below:
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Proposal 1:  Rel-11 UE’s base sequence index is determined by VCI only, not by redundant signalling of Dss.
With the VCI, we can obtain the same legacy CS hopping pattern with its initialization value of 
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 at the beginning of each radio frame. 

2.2. Comparison between Alt 1 and Alt 2
Based on the previous Section 2.1, we now see the only difference between Alt 1 and Alt 2 is whether the additional signaling of cinitCSH is needed or not.
We can first consider CoMP scenario 4, where legacy UE’s [BSI, CSH] is all identical for RRHs with using same cell-ID. The discussion points so far on the email discussion can be simply visualized with following 4-UE scheduling examples:

[Alt. 1] - use 2 orthgonal resources, minimum CS distance=6
{RRH A} UE 1:[A,A], [+,+], CS0; UE 2:[B,A], [+,-], CS6
{RRH B} UE 3:[A,A], [+,-], CS6;  UE 4:[C,A], [+,+], CS0
[Alt. 2-1] - use 4 orthgonal resources, minimum CS distance=5
{RRH A} UE 1:[A,A], [+,+], CS4; UE 2:[A,A], [+,-], CS8
{RRH B} UE 3:[A,A], [+,+], CS9; UE 4:[A,A], [+,-], CS3
[Alt. 2-2] - use 2 orthgonal resources, minimum CS distance=6
{RRH A} UE 1:[A,A], [+,+], CS0; UE 2:[A,A], [+,-], CS6
{RRH B} UE 3:[B,B], [+,-], CS6;  UE 4:[B,B], [+,+], CS0
We can observe
· Alt.1 uses two orthogonal resources, but UE1 receives an identical amount of interference from UE4 on both 1st and 2nd slots, due to disabled SH/SGH.

· Alt.2-1 may have lowered CS distance in orthogonality, but full orthogonality can be achieved for all 4 UEs by using four orthogonal resources.

· Alt.2-2 can also use only two orthogonal resources, and UE1 receives (randomized) interference from UE3&UE4 (Same amount of interference as Alt.1, thanks to the slot-by-slot randomization)

Summarizing, Alt.1 and Alt.2-2 show effectively the same performance, although in Alt.2-2 only Rel-11 UEs can be scheduled at RRH-B since usable orthogonal dimension of legacy BSI is already used at RRH-A.  In our view, this scheduling issue can be taken care of by implementation, and this cannot be a compelling motivation to adopt such a technique providing more flexibility but much complexity in considering all the possible configurations even if not so necessary.

When considering multi-layer cases, we can think of following scheduling examples for comparison:
 [Alt. 1] 
{RRH A} UE 1:[A,A], [+,+], CS0 (1st layer)

{RRH A} UE 1:[A,A], [+,+], CS6 (2nd layer)

{RRH A} UE 2:[B,A], [+,-],  CS6 (1st layer)

{RRH B} UE 3:[A,A], [+,-],  CS6 (1st layer)

{RRH B} UE 4:[C,A], [+,+], CS0 (1st layer)

[Alt. 2] 

{RRH A} UE 1:[A,A], [+,+], CS0 (1st layer)

{RRH A} UE 1:[A,A], [+,+], CS6 (2nd layer)

{RRH A} UE 2:[A,A], [+,-],  CS6 (1st layer)

{RRH B} UE 3:[B,B], [+,+], CS0 (1st layer)   (Rel-11 UE)
{RRH B} UE 4:[B,B], [+,-],  CS6 (1st layer)   (Rel-11 UE)
 

A scheduling case for Alt.2 is considered where only Rel-11 UEs are scheduled in RRH B since the legacy base sequence is already used in RRH A.
· In Alt.2, UE1 receives interference from two UEs (UE3&UE4).
· In Alt.1, UE1 receives interference from one UE (UE4) with doubled variance of interference due to no slot-level randomization.
Summarizing, UE1 receives same amount of interference for Alt.1 and Alt.2, thus the performance difference between two alternatives does not appear for this example.

Since we cannot find clear benefits from additional cases of Alt.1, just allowing different BSI/CSH configurability as in Alt.2 seems to be sufficient enhancements for UL-CoMP operations. Furthermore, when there are a number of paired users, the flexibility from Alt.1 using the same legacy CSH for Rel-11 is very limited. When the number of paired user is low, Alt.2 with CS orthogonality is already sufficient.
Above discussions so far can be similarly applied to other CoMP scenarios 1/2/3 where the reception points have different cell ID. The main difference here is that legacy UEs in cell A and cell B can use respectively [A,A] and [B,B] as an example. Here, more flexibility from Alt.1 is to configure like [B,A] to Rel-11 UE(s) in cell B, in order to maintain CS orthogonality for cell B while to apply OCC for cell A.

But, we do not see the pairing [B,A] and [B,B] can have CS orthogonality well, since CS hopping patterns of two cells are different. The impact due to CS collision with the same BSI for cell B is much higher than the case applying interference randomization. To avoid the possible collision for both slots due to different CSH for cell B, it requires large scheduling restrictions in choosing proper nDMRS(2), which will increase network complexity much.
Furthermore, when the number of paired users increases, it will be much more difficult to coordinate the collision, and will obviously reduce CS distance and lead to poor orthogonality. In addition, since nDMRS(2) and OCC are jointly indicated, such nDMRS(2) configuration could be limited in order to avoid the CS collision, which will also impact the OCC usage.
Proposal 2:  Since Alt.1 requires much complexity in network side and higher signaling overhead, Alt.2 seems sufficient for UL-CoMP operations, which is simpler, with less complexity and easy network management, comparable performance (requirement-met), and requires less overhead.

For further considerations, we may consider the change of nDMRS(1) signaling method that is UE-specific RRC signaling. It can be a possible and simple alternative method for DMRS enhancements if we need more flexibility on DMRS in terms of CS distance.
3. Dynamic indication of UL DMRS for CoMP
For CoMP UEs, an uplink DMRS needs to be generated by using receiving cell’s ID according to the scheduler’s decision, and the generation of DMRS is desired to be dynamically indicated to use which cell-ID (VCI), in order to provide enough scheduling flexibility in MU pairing. For instance, a CoMP UE located at the cell-border region between cell A and cell B may have multiple DMRS configurations for each cell by RRC signalling, and sometimes dynamically co-scheduled with a UE in cell A, or with a UE in cell B, according to channel conditions and other network side conditions.

Proposal 3: To provide enough scheduling flexibility in MU pairing, DMRS dynamic indications for UL-CoMP need to be supported.

Comparing Alt.1 and Alt.2 under the consideration of dynamic indication of DMRS, it seems to be more clearly seen that Alt.2 is sufficient for UL-CoMP operations.
Considering Alt.1 for which CSH can be configured with maximal flexibility, each UE would have more than 2 configurations ([A,A], [B,A]). There could be [B,B], [B,C] and so on. Then if dynamic signaling is required, the dynamic signaling overhead is much higher than Alt.2, with questionable performance gains based on our analysis in Section 2.

Let’s now assume the same dynamic signaling bit width for both Alt.1 and Alt.2 is given. Then, such dynamic signaling overhead remains the same between Alt.1 and Alt.2. One possible way of providing such dynamic indication is the utilization of the current uplink-related DCI. Specifically, 1 or 2 bit indication of DMRS seems appropriate to be included in the uplink-related DCI considering the signalling bit overhead. In any cases, at least for consideration with legacy UEs, one state should be set to a fallback mode corresponding to the legacy DMRS configuration where the base sequence and the CS hopping pattern are generated by serving cell’s ID. Although Alt.1 can provide more flexibility to eNB schedulers, the benefit seems unclear, especially under this situation of the limited bit indication of DMRS configuration. For the case of 1 bit indication of DMRS configuration, for example, a natural way of indicating one state (except the other one fallback state with legacy DMRS configuration) is the generation of the DMRS base sequence and CS hopping, both based on neighboring cell’s ID. In this limited bit indication case, there is no good reason to take another option such that, e.g., the base sequence is generated with serving cell’s ID whereas CS hopping is based on neighboring cell’s ID.
Observation 1: The dynamic signaling overhead for Alt.1 is much higher than Alt.2.

Observation 2: Under the same dynamic signaling bit width for both Alt.1 and Alt.2, it seems to be more clearly seen that Alt.2 is sufficient for UL-CoMP operations, since the flexibility from Alt.1 is limited by the fixed signaling bit width.

For PUCCH DMRS, we can think of some enhancements for UL-CoMP. The VCI parameter for PUSCH from Alt.2 can also be applied to generate fssPUCCH, or separate VCI for PUCCH can be signaled by RRC in a UE-dedicated manner. Otherwise, the physical cell-ID can still be used for PUCCH DMRS, separately for the case of PUSCH DMRS configuration.
4. Conclusion
We discussed in this contribution the uplink DMRS enhancement issues in Rel-11. The following proposals and observations were given based on the discussion: 
Proposal 1:  Rel-11 UE’s base sequence index is determined by VCI only, not by redundant signalling of Dss.
Proposal 2:  Since Alt.1 requires much complexity in network side and higher signaling overhead, Alt.2 seems sufficient for UL-CoMP operations, which is simpler, with less complexity and easy network management, comparable performance (requirement-met), and requires less overhead.

Proposal 3: To provide enough scheduling flexibility in MU pairing, DMRS dynamic indications for UL-CoMP need to be supported.
Observation 1: The dynamic signaling overhead for Alt.1 is much higher than Alt.2.

Observation 2: Under the same dynamic signaling bit width for both Alt.1 and Alt.2, it seems to be more clearly seen that Alt.2 is sufficient for UL-CoMP operations, since the flexibility from Alt.1 is limited by the fixed signaling bit width.
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