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1 Introduction
According to the discussion in RAN1 #66bis, uplink DMRS and SRS is taken as one of the potential areas of standard impact in support of UL COMP.
In this contribution, we give our views about the potential enhancement for UL RS in CoMP, and we also provide some evaluation results.

2 Base sequence allocation of UL RS
New scenarios proposed for CoMP such as scenario 3 and scenario 4 could support more users accommodated in the network, which inevitably brings UL RS capacity and interference issues. 
In CoMP scenario 3, the same base sequence group can be assigned to different cells with different cell ID by cell-specific RRC signalling (i.e. 
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 in the specification), and CoMP users can gain perfect UL RS orthogonality through different CS of a base sequence. However, this could result in higher interference for other users when they overlap in frequency domain, as their base sequence comes from same sequence group and also for the fact that sequence group hopping cannot be utilized to randomize the interference. 
In CoMP scenario 4, only one cell ID is shared by one macro eNB and multiple RRHs, UL RS resources for one cell have to be shared by UEs from the macro eNB and all related RRHs. This could lead to UL RS capacity issue. When spatial isolation is not enough, there could be interference issues as there is no effective method for interference randomization. 
Several approaches, e.g. IFDMA have been proposed to directly address this UL RS resource issue in previous RAN1 meeting. However, the big obstacle of these approaches is backward compatibility, especially as it is agreed the impact of legacy UE should be taken into account. 
On the other hand, introducing UE-specific base sequence configuration could alleviate UL RS capacity and interference problem without backward compatibility issue. For example, in scenario 3, the same base sequence can be configured to the paired users among different cells or in one cell and different base sequences to other users, so the paired users can be orthogonized by different CSs and at the same time other users can achieve interference randomization gain. In scenario 4, the users far away from each other but allocated the same PRBs can be assigned to different base sequence as their interference are not so severe and can utilize sequence group hopping to randomize the interference furthermore. 
The following evaluation result shows the MSE of DMRS performance of paired users multiplexed by different CSs and different base sequences when interfering UE is allocated the same PRBs with the target UE (see Fig 1), and also the result that UEs are multiplexed by the same base sequence and different base sequence when interfering UE is partial overlapped with the target UE (see Fig 2). The simulation assumptions are summarized in the Appendix.
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Fig 1. DMRS MSE comparison between paired UEs allocated the same PRBs
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Fig 2. DMRS MSE comparison between paired UEs with overlapped PRBs
The above simulation result shows that, different base sequence configured for overlapped UEs performs a lot better than the same base sequence, and when the interfering power is not so large, different base sequence also could be considered to be configured for UEs allocated the same PRBs. This can be realized in CoMP scenario 3 and 4 through UE-specific base sequence configuration. Therefore, we observe that
· UE-specific base sequence configuration is favorable to alleviate capacity and interference problem in new scenarios of CoMP.

3 CS hopping pattern of UL RS
In UL CoMP, a cell edge user may be served by several eNBs. In order to sufficiently utilize resources in these cells, more flexible and efficient MU operations among different cells or in a cell should be supported. However, different cell IDs or sequence indexes may lead to CS hopping pattern inconsistency between paired users. When the paired users are multiplexed through different CS of a same base sequence, i.e. paired users allocated with same PRBs, different CS hopping pattern would result in CS collision between these users. And when the paired users are multiplexed through OCC, i.e. paired users with overlapped PRBs, different CS hopping pattern would result in OCC decoding failure. The former may be alleviated by randomization using CS hopping, while the latter problem need some standard effort.
Note CS hopping pattern inconsistency issues will still exist even UE-specific base sequence configuration is introduced in R11, and may become even more serious. This would severely degrade MU performance in UL CoMP especially for OCC multiplexing case. As a result, CS hopping pattern needs to be enhanced in R11.
There could be three possible approaches to solve the above problem [2]: 
Option 1: Disabling CS hopping function
This approach is to disable the CS hopping function of those paired users with different CS hopping patterns. This is the simplest way to solve the CS hopping pattern inconsistency problem, but also results in no CS interference randomization gain.
Option 2: Subframe- level CS hopping pattern
This approach means that CS hopping goes at subframe level, i.e. CS value varies every subframe and fixed in a subframe. The root reason that OCC fails when CS hopping pattern difference exists is that CS values of paired users during the two slots in a subframe are different. 
This approach can avoid OCC failure at the expense of some CS randomization gain loss. 
Option 3: Configurable CS hopping pattern
This approach is to ensure that the same CS hopping pattern between paired users through configurable CS hopping pattern, such as UE-specific CS hopping pattern by introducing UE-specific parameters. 
CS hopping pattern is bundled with cell ID and cell specific sequence index in R8/9/10, which makes it impossible to be configured based on self-condition. UE-specific configured CS hopping pattern provides a lot of flexibility to avoid CS hopping pattern inconsistency with its paired UE.
Comparing with the former two options, this approach may need more signaling overhead, but there is no CS randomization gain loss.
Based on the analysis above, we propose 
· CS hopping pattern needs to be enhanced in R11.
4 Conclusion
This paper addresses uplink reference signal issues for CoMP. Base on the discussion the following recommendations are made:

· UE-specific base sequence configuration is favorable to alleviate capacity and interference problem in new scenarios of CoMP.
· CS hopping pattern needs to be enhanced in R11, and the  three options below could be considered:
1) Disable CS hopping function for those paired UEs with different CS hopping patterns
2) Do subframe-level CS hopping for those paired UEs with different CS hopping patterns
3) Configure the same CS hopping pattern for those paired UEs with different CS hopping patterns
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Appendix

Simulation Assumptions
	Parameter
	Assumptions

	System bandwidth
	10 MHz

	Carrier Frequency
	2 GHz

	CP format
	Normal CP

	Channel model
	EPA

	Speed
	30 km/h

	Data transmission BW
	4 PRBs

	Overlapped BW
	3PRBs

	Antenna configuration
	1x2

	Channel estimation
	Time-correlation Method

	Power ratio of interference
	0dB/3dB/10dB  (ro)
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