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1. Introduction

In RAN1#66, it was agreed to consider UL MIMO enhancements for Rel-11[1]. In addition, the following was agreed as potential UL RS enhancements to support efficient UL CoMP [2]:
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In this contribution, we share our views on UL RS enhancements taking above aspects into account.
2. Enhancements for UL RS
2.1. DM RS
The possible enhancements in Rel-11 on UL DMRS would be inter-cell orthogonality for scenario 3 and the orthogonality between macro and LPN for scenario 4 (hereafter, this is called as “inter-Rx-point orthogonality” for the simplicity). This is because the channel estimation accuracy is very important for UL CoMP performance, and it also impacts on the performance gain by advanced receiver, e.g. IRC [3]. Taking into account the potential performance impacts [2] and the timeline in Rel-11, this issue should be given higher priority.
Meanwhile, the term of orthogonality may have multiple interpretations. As in [2], “perfect orthogonality” and “pseudo orthogonality” would be an issue. In addition, different mechanism may be applicable depending on RB assignment, i.e. equal bandwidth or non-equal bandwidth as discussed in Rel-10 UL MU-MIMO. From these perspectives, we can define at least four approaches as in Table 1:
In our view, perfect orthogonality is very important and root ZC sequence assignment may impose additional complexity of the scheduler. Thus, we propose to employ approach 1.
Proposal:

· RAN 1 should discuss and determine which approach (1~4 in Table 1) to take.

· Our preference is Approach 1.

Table 1 Possible approach for inter-Rx-point orthogonality of UL DMRS
	
	Non-equal bandwidth orthogonality
	Equal bandwidth orthogonality
	Potential needs of spec supports

	Approach 1
	perfect
	- OCC
- IFDMA
	perfect
	- OCC
- IFDMA
- CS
	- Support of IFDMA
- disabling of CS hopping

	Approach 2
	perfect
	- OCC
- IFDMA
	pseudo
	- different root ZC seq.
	- different root ZC seq. for macro and LPN in scenario 4

	Approach 3
	pseudo
	- different root ZC seq. among Rx points
	perfect
	- CS w/ same root ZC seq.
- OCC 
	- dynamic switching of root ZC seq. depending on RB assignment
- disabling of CS hopping

	Approach 4
	pseudo
	- different root ZC seq. among Rx points
	pseudo
	- different root ZC seq.
	- different root ZC seq. for macro and LPN in scenario 4


· Approach 1: 
· UL DMRSs are orthogonalized by the perfect manner, i.e. OCC or IFDMA. Additionally, the use of CS is possible for equal bandwidth multiplexing.
· In this approach, cross-correlation property would be less important.
· Open issues:
· Multiplexing capacity by Rel-10 OCC (i.e. 2) might not be enough
· Disabling of CS hopping would be preferred, if multiplexing by CS is used.
· Approach 2:
· The concept is similar to Approach 1. However, the orthogonality by CS is not expected
· Thus, different root ZC sequence should be always assigned in different Rx points
· Open issues:
· For scenario 4, a new mechanism, which assigns different root ZC sequence to UEs even if cell-ID is identical, is necessary.
· Approach 3
· Perfect orthogonality is expected when equal-bandwidth RB assignment is performed
· Note Rel-10 OCC is always available, if necessary.

· RB alignment among cells is implicitly imposed when UL CoMP interference-cancellation is used.
· Root ZC sequence shall be coordinated dynamically depending on RB assignment.
· When RB assignment is aligned among cells, the same root ZC sequence shall be assigned to all UE.
· Otherwise different root ZC sequence shall be assigned to UEs to avoid higher cross-correlation.
· Open issues:
· Dynamic control of root ZC sequence is necessary.
· Disabling of CS hopping would be preferred.
· Approach 4
· Perfect orthogonality is given up, and relies only on pseudo orthogonality.
· Open issue:
· It should be confirmed whether remarkable UL CoMP gain is still achievable or not.
2.2. SRS
2.2.1. A-SRS enhancement

In Rel-10, many mechanisms of dynamic aperiodic SRS (A-SRS) were discussed, but finally, only the simplest mechanism survived due to lack of time. Especially regarding frequency hopping for A-SRS, we believe this feature is mandatory to achieve efficient and backward compatible operations. Furthermore, the cell-edge gain by frequency hopping has already been shown in [2] even in the case of A-SRS. Therefore, the current A-SRS mechanism seems to be “incomplete”, thus support of A-SRS enhancement is mandatory work in Rel-11 UL CoMP. 
In addition, we should keep in mind that the assumption is different from Rel-10. Namely, the main motivation for SRS enhancement for Rel-11 is support of multiple Tx antenna. However in Rel-11, DL and UL CoMP would be the focus it is unclear that the Rel-10 mechanism can support these functionalities efficiently. Therefore in Rel-11, we should consider the best design much friendlier to CoMP operation, and we propose to resume the study of the following items to figure out whether they are beneficial for DL/UL CoMP operation:
· Trigger by DCI format 0/1A
· Only one-state is available to trigger A-SRS in Rel-11.
· Considering relative phase continuity issue, single antenna port mode may be used even in Rel-11.
· Considering the use of A-SRS for CoMP, it should be studied further whether multi-state is necessary or not.
· Frequency hopping with or without multi-shot SRS
· Frequency hopping is a mandatory feature for A-SRS, thus should be supported in Rel-11.
· The introduction of multi-shot A-SRS should be determined based on performance. The simulation assumptions (e.g. typical transmission interval and traffic model) should be aligned.
· Sounding via DMRS
· The main motivation to introduce this feature is how to treat the depletion of SRS resources. This feature might be supported if the SRS capacity issue in Rel-11 is identified.
Proposal:
· Rel-10 A-SRS mechanism should be the baseline to support UL CoMP, i.e. inter-cell CSI measurement
· Possible enhancements are following:
· Support of multiple trigger states in DCI format 0/1A
· Support of frequency hopping
2.2.2. SRS Tx power control 
It should be keep in mind that if SRS cannot be reached at a certain eNB, PUSCH cannot be reached at the eNB as well. In addition 
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 is still available. Fortunately, the value range is -10.5 to 12 dB, and hence the flexible power offset setting is possible. Therefore, it is not necessary to introduce different TPC mechanism or formula between PUSCH and SRS. However, extension of value range is acceptable because this value is controlled by RRC and the spec impact of bit-size change is very small.
Proposal:
· Control of target Rx point(s) can be achieved by higher layer power control by 
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 on top of TPC mechanism for PUSCH. 
· The value range can be extended if the necessary. 
3. Conclusion

In this contribution, we shared our views on UL RS proposed enhancements in Rel-11. Our proposals are summarized as following:
Proposals:
· DMRS
· RAN 1 should discuss and determine which approach (1~4 in Table 1) to take.

· Our preference is Approach 1.
· SRS
· Rel-10 A-SRS mechanism should be the baseline to support UL CoMP, i.e. inter-cell CSI measurement
· Possible enhancements are following:
· Support of multiple trigger states in DCI format 0/1A
· Support of frequency hopping
· Control of target Rx point(s) can be achieved by higher layer power control by 
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 on top of TPC mechanism for PUSCH. 
· The value range can be extended if the necessary. 
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Enhancements to the DM-RS (applicable to both PUCCH and PUSCH) and SRS design, e.g., pseudo orthogonality (inter-cell and intra-cell for scenario 4) and/or inter-cell orthogonality, may be considered to 


increase the DM-RS and SRS capacity 


improve the DM-RS and SRS reception


To ensure accurate reception of SRS at the coordinating points, further enhancements to the power control scheme for SRS may be considered.
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