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1 Introduction

This contribution focuses on the last details for DMRS and SRS enhancements targeting both UL and DL CoMP support. The discussion in RAN1#69 in Prague [1] is taken into account as starting point.
2 SRS Configuration Flexibility
Especially for heterogeneous deployments, different UEs may target different reception points for UL CoMP operations. Considering support for both joint reception at different points and UL point selection (typically at the reception point associated with lowest path-loss), it seems preferable to let the network configure various sets of orthogonal SRS resources and assign different UEs to each set. The different sets may be multiplexed, e.g., in time domain, in frequency domain or by different combs. Within each set, CS and comb may be employed to orthogonalize UEs. In order to enable the above application, it is desirable to assign SRS base sequences in a UE-specific fashion.
Another application where UE-specific SRS base sequences are beneficial is for CoMP scenario 4, where assigning different base sequences to UEs close to their respective reception point may enhance the overall SRS network capacity by area splitting gain. The complexity of coordinated assignment of SRS parameters between macros and picos would also be reduced by enabling differentiation of SRS base sequences and consequently enhanced inter-SRS interference reduction.

UE specific configuration of SRS base sequence and possibly UE specific configuration of the pattern for PUSCH/PUCCH rate matching provide sufficient flexibility for CoMP operations.

Proposal
· Enable UE-specific configuration of SRS base sequences
3 Clustered SRS Transmission
Due to resource partitioning in heterogeneous deployments and PUCCH not always being scheduled at band edges, there is an increased interest in scheduling PUSCH resources at the extremes of the system bandwidth. According to [3], the current SRS assignment flexibility is not sufficient for guaranteeing efficient sounding of cell-edge resources, and improvements in the flexibility of SRS BW assignment should be introduced in Rel-11. According to [3], the introduction of multi-cluster SRS would alleviate the problems discussed above.

One well known drawback with multi-cluster transmission is the increase in cubic metric, as already vastly discussed before the introduction of clustered PUSCH. However, differently from the generic PUSCH allocation discussed in Rel-10, in case of clustered SRS sounding it makes sense to allocate SRS resources at both band edges for the same SRS symbol. Such aspect may be exploited by mapping SRS resources as in Figure 1-c), which results in the same CM as single cluster SRS transmission. The CM of single-cluster SRS transmission is preserved because of the cyclic properties of the IDFT modulator.
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Figure 1: Various solutions for subcarrier mapping for clustered SRS transmission and sounding at cell edges.
The CM for the schemes in Figure 1 and for a reference Rel-8 single-cluster SRS allocation over the same bandwidth is compared in Table 1, after averaging over all base sequence indexes. A system with N=1024 subcarriers is considered, with a total sounding BW of 16 RBs (K=96) and 8 RBs (K=48). The results indicate the advantage of mapping c) as compared to a) and b).
Table 1: Comparison of CM for various SRS subcarrier mapping schemes

	Scheme
	Rel-8 SRS
	1-a)
	1-b)
	1-c)

	CM (K=48):
	1.80 dB
	4.12 dB
	2.47 dB
	1.80 dB

	CM (K=96):
	1.69 dB
	4.33 dB
	2.68 dB
	1.69 dB


In conclusion, it seems that more discussion is needed to understand the need for clustered SRS transmission. In case clustered SRS is introduced, the subcarriers mapping as in Figure 1-c) may be a promising solution.

Proposals:
· Discuss further regarding the need for clustered SRS transmission
· If clustered SRS transmission is introduced, consider the subcarrier mapping scheme as in Figure 1-c), which preserves the same CM as for Rel-8 SRS
4 Remaining Issues for UL DMRS

4.1 Sequence/Group Hopping Enhancements
Different enhancements to sequence/group hopping have been discussed in [4], each of them having specific properties. The introduction of a new hopping mechanism seems to have some benefit especially in case of semi-static configuration of the DMRS parameters. One possibility between swap/reverse hopping [4] and repetition of the same DMRS symbol over the two slots of a subframe may be considered for Rel-11.

Proposal:

· Consider introduction of swap/reverse hopping or repetition of the same DMRS symbol over the two slots of a subframe.
4.2 Subframe Shift
In RAN1#69 in Prague it was discussed whether to introduce an optional semi-static time offset for DL RS generation, in order to better cope with slot or subframe shifting for improved interference protection (e.g., [2]). A similar potential issue arises for UL RS, with loss of inter-cell orthogonality if subframe or slot shift is applied by the network. Therefore, if a slot/subframe shift is introduced in Rel-11 for DL RSs generation, it makes sense to introduce the corresponding standard change also for UL RSs.
Proposals:
· If a slot/subframe shift is introduced for DL RSs in Rel-11, the corresponding change should also be introduced for UL RSs
5 Summary

This paper addresses the final details for UL RS enhancements in Rel-11. The following proposals are made:
Proposals:
· Enable UE-specific configuration of SRS base sequences

· Discuss further regarding the need for clustered SRS transmission

· If clustered SRS transmission is introduced, consider the subcarrier mapping scheme as in Figure 1-c), which preserves the same CM as for Rel-8 SRS

· Consider introduction of swap/reverse hopping or repetition of the same DMRS symbol over the two slots of a subframe.
· If a slot/subframe shift is introduced for DL RSs in Rel-11, the corresponding change should also be introduced for UL RSs
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