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1 Introduction

UE-specific configuration of base sequence and UE-specific configuration of CS hopping for PUSCH DMRS have been agreed in RAN1 #67[1]. However, whether the base sequence and CS-hopping are independently configured and whether the configuration is semi-static or dynamic are still FFS. 
Configuration details have been proposed in RAN1 #68, 
Alt 1: 

· 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: 

· A UE is configured with a virtual cell ID, which is used to derive base sequence as well as CS hopping

It was also agreed to continue discussion by email, focusing on the following aspects:

· Avoidance of consistent collision

· Complexity and performance impact

· Signaling overhead

· Support orthogonality with legacy UEs
· Network management
In this contribution, we present our further analysis and considerations on enhancement of uplink DMRS including PUSCH DMRS and PUCCH DMRS for UL CoMP.
2 Enhancement for PUSCH DMRS
In order to improve the performance of cell edge UEs and simultaneously keep high resource efficiency, more paired UEs or more chances to pair the UE between different cells and larger DMRS capacity are required in CoMP scenarios. As a result, appropriate UE-specific parameters for UE-specific base sequence and CS hopping to balance DMRS orthogonality and interference randomization need to be configured. 
Take CoMP scenario 3 and scenario 4 for illustrated, see Fig 1. 
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Figure 1  CoMP scenario 3/ CoMP scenario 4 
In CoMP scenario 3, different cell with different cell ID: 
UEs between different cells (such as UE 1 vs. UE2) can be orthogonalized by 
· OCC, requiring that the two UEs using different/same base sequence and same sequence group hopping pattern and same CS hopping pattern.

· CS, requiring that the two UEs using the same base sequence and same sequence group hopping pattern and same CS hopping pattern.

UEs within one cell (such as UE1 vs. UE3) can be
· Orthogonalized through FDM by resource scheduling.

· Interference randomized by different base sequence and the same sequence group hopping pattern and different/same CS hopping pattern. 
In CoMP scenario 4, different cell with the same cell ID, UEs between different cells can be orthogonalized easily, but may lead to DMRS capacity deficiency. As a result, interference randomization is needed to achieve some cell splitting gain.
UEs between different cells (such as UE3 vs. UE 4) can be interference randomized by

· Different base sequence and the same sequence group hopping pattern and different/same CS hopping pattern.

UEs within one cell (such as UE3 vs. UE1) can be orthogonalized by

· CS, requiring that the same base sequence and same sequence group hopping pattern and same CS hopping pattern.

· OCC, different/same base sequence and same sequence group hopping pattern and same CS hopping pattern.

Besides the above requirements, some other combination of base sequence, sequence group hopping, and CS hopping may be needed. Thus, the parameters to configure the UE-specific base sequence and CS hopping need to carefully consider all the cases.
2.1 Comparison of two RRC configuration alternatives

The basic difference between Alt1 and Alt2 in section 1 is whether independent RRC signaling is needed to configure DSSBSI and cinitCSH . Alt.1 allows independent configuration of the BSI and CSH patterns while for Alt2 this is not straightforward. Following the guideline in the chairman notes, we compare these two types of configuration in the following aspects.

· Avoidance of consistent collision. First of all, we note that collision can be avoided via eNB scheduling in both alternatives. However, by allowing independent DSSBSI and cinitCSH configuration, alt1 can provide the scheduler with more flexibility.
· Complexity and performance impact. 
Alt1 is more complex than alt2, which only require single parameter configuration. No performance comparison evaluation has done for both alt1 and alt2.
· Signaling overhead. 
Only one RRC parameter is needed for alt2 while three parameters have to be configured for alt1. For these parameters, NIDBSI, DSSBSI and cinitCSH  needs 9 bits, 5bits and 11 bits RRC signalling overhead respectively. It is obvious that alt2 has advantage in term of signalling overhead.
· Support Orthogonality with legacy UEs. 
Both alternatives can provide orthogonality with legacy UEs. For alt1, additional capability can be satisfied by achieving orthogonality via OCC for co-scheduled UEs with different NIDBSI and same cinitCSH. However, the use case of this capability needs to be justified.
· Network management. 
For network management, it is obvious that alt1 require more effort. Orthogonality via the same NIDBS and different cinitCSH requires additional complexity in eNB to configure appropriate value. Configuration of the three parameters for all the possible UEs also adds to the scheduler complexity.
We take further look into these RRC parameters, for the paired UEs, their base sequences have two alternatives, i.e. same vs. different, and their sequence group hopping (SGH) have three alternatives, i.e. same vs. different vs. disable, and their cyclic shift hopping (CSH) have also two alternatives, i.e. same vs. different. Then totally, 12 cases may be happened to the paired UEs.
Table 1 shows whether these cases are supported, where, ‘Y’ presents support, and ‘N’ presents not support. 
Table 1  supportability analysis (with Alt 2)
	
	base sequence
	SGH
	CSH
	Alt 2

	case 1
	same
	same
	same
	Y

	case 2
	same
	same
	different
	N

	case 3
	same
	different
	same
	N

	case 4
	same
	different
	different
	Y

	case 5
	same
	disable
	same
	Y

	case 6
	same
	disable
	different
	Y

	case 7
	different
	same
	same
	N

	case 8
	different
	same
	different
	Y

	case 9
	different
	different
	same
	N

	case 10
	different
	different
	different
	Y

	case 11
	different
	disable
	same
	Y

	case 12
	different
	disable
	different
	Y


It is found that there are certain cases cannot be supported by alt2. Similarly, we can conclude that alt1 can support all the cases. The above table reveals all the difference between alt1 and alt2. The key question now is, is the use case justified for all the cases that only supported by alt1? We believe this has not been thoroughly investigated, and no convincing evaluation results exist for this question. Without justification of the use case, based on the analysis before, we think decision can be made based on complexity and standard impact.
However, if justification has been shown and the group decide to seek solution that can support all the cases in table 1, then we think both alt1 and alt2 need further optimization. For example, Alt 1 may have some redundancy problem in term of configurable parameters and signalling overhead, i.e, the configured parameter could be reduced. In this aspect, it is found that only NIDBSI and cinitCSH have been enough to support all the cases of base sequence and SGH and CSH. 
In fact, alt2 could also be enhanced to support all the case in table 1. One example is to add one additional parameter △fCSH . We defined the enhanced version of alt2 as 
The new alt2:

· A RRC configuration includes the following RRC defined UE specific parameters, {NIDBSI, △fCSH}.

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

· △fCSH  is added to cinit in the CSH initialization (nPN(nS)), i.e. 
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Apparently, the RRC signalling overhead of △fCSH could be much smaller than cinitCSH. And there is less complexity for eNB to configure the same or different CSH for the paired UEs. For example, if UE1 and UE2 have the same NIDBSI but different 
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and UE2 needs to have the same CSH with UE1, then △fCSH could be simply set to zero. 

The new alt2 support all the cases in table 1 and saves RRC signalling overhead compared with Alt 1.  This is just an illustration that further optimization is needed, if we decide to support all the cases in table 1. Of course, there could be other form of choices, which can achieve similar result. Therefore , we propose
· The use case of extra supportability provided by alt1 needs to be justified. Without the justification, alt2 is preferred for its simplicity.

· Further optimization for both alternatives is needed if justification of extra supportability is found.
3 Conclusion
This paper addresses uplink DMRS issues for CoMP. Base on the discussion the following recommendations are made:

· The use case of extra supportability provided by alt1 needs to be justified. Without the justification, alt2 is preferred for its simplicity.

· Further optimization for both alternatives is needed if justification of extra supportability is found.
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