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1. Introduction

In the Rel-11 enhanced UL transmission study item [1], further issues on enhancement of the uplink reference signal were identified as following:
The SI should fulfil the following objectives:

· Study and evaluate enhancement of the uplink reference signals, e.g.

· Frequency hopping with or without multi-shot SRS

· Aperiodic sounding based on non-precoded DMRS

· RS enhancement for cell-edge UEs, e.g., Orthogonal DMRS among cells 
In this contribution, we discuss some consideration for UL DM-RS enhancement in new deployment scenarios for Rel-11 and we also provide our view regarding SRS enhancements.
2. UL DM RS enhancement
In this section, we discuss UL DM-RS sequence group allocation in new deployment scenarios such as scenario A-D mentioned in [3]. There are two approaches for DM-RS sequence group allocation.

· Cell specific sequence group allocation as in Rel-8

· Single sequence group allocation 

In order to compare two different DMRS sequence group allocation, we investigated cross-correlation property for both cell specific sequence group allocation and single sequence group allocation. Figure 1 shows the CDF of peak cross-correlation between different DM-RS lengths from desired RB to 25RB across different groups and same group considering cyclic shifts and overlapping in frequency. Figure 1-(a)~(b) are for the case of desired 3-RB and 4-RB respectively. We used 4x over-sampling for evaluation of cross-correlation. Figure 1 shows that single DM-RS sequence group allocation among multiple cells can result in severe inter-cell interference more than 0.9 high peak cross-correlation between different DM-RS lengths since RS sequences with high cross-correlation between different DM-RS lengths are grouped in a same sequence group based on Rel-8 RS sequence group design criteria.
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Figure 1. The CDF of peak cross-correlation between different UL DM-RS lengths across same/different groups
Based on the simulation results, cell specific DM-RS sequence group allocation as in Rel-8 seems to be a reasonable approach as considering the deployment such as scenario B and D. However, the cell specific DM-RS sequence group allocation in the deployment scenario A and C based on same cell ID would result in the same performance as single DM-RS sequence group allocation. In those scenarios, when different UEs belonging to different nodes or RRHs with same cell ID are transmitting UL transmission using UL DM-RS on an overlapped bandwidth with different RB size, UL demodulation performance for each UE could be degraded by multi-user interference caused by high cross-correlation between different DM-RS lengths. Therefore, we suggest to further study methods for UL DM-RS orthogonality enhancement in new deployment scenarios.
As considering those scenarios, there are three alternatives to solve the problem as following: 
· Alt 1: Cyclic shift coordination 

This cyclic shift coordination to avoid high cross-correlation could be considered. However, finding cyclic shift pairs between combinations including cyclic shifts, overlapping in frequency, different RS sequence lengths and different sequence groups would be more complicated as increasing the number of cells and it might have scheduling restriction even though the cyclic shift pairs exist.
· Alt 2: Use of orthogonal cover code (OCC) 

Identically to use orthogonal cover code for maintaining DM-RS orthogonality between different UEs with different BWs on MU-MIMO operation, the eNB scheduler can allocate different OCC indicated by cyclic shift index in UL DCI format. Therefore, this scheme seems beneficial on the perspective that the DM-RS orthogonality between different UEs with different BW allocation belonging to different nodes or RRHs could be guaranteed without additional mechanism and signalling. 
· Alt 3: IFDMA

IFDMA could be considered as one of possible solutions. By using different transmission comb value in UL DM RS allocation as SRS transmission, DM-RS with different BW allocation between different UEs belonging to different nodes or RRHs with same cell ID can be separated by different frequency position. However, this scheme requires an additional new sequence design (e.g. length-6, length-18, length-30 and etc.) which does not exist in Rel-8/9/10 as well as scheduling restriction for UL resource allocation as discussed in Rel-10. 
Apart from UL DM-RS orthogonality among cells abovementioned, it might be considered to study and evaluate improvement for new deployment scenarios including high mobility according to a description for Rel-11 enhanced UL transmission study item. In our companion contribution [2], we investigated link level performance in high mobility scenario from the perspective of UL DM-RS improvement and further details on UL DM-RS for supporting high mobility are discussed in [2]
3. UL SRS enhancement

According to the study item description in RP-110448, several aspects regarding SRS enhancement in Rel-11 were listed. In this section, we provide our view regarding SRS enhancements.
· Multiple shot transmission with and without frequency hopping for dynamic A-SRS

In Rel-10, there were many discussions on multiple shot transmissions with and without frequency hopping for dynamic A-SRS. As mentioned in [4][5][6], multiple shot SRS transmission could be considered for coverage enhancement, reducing PDCCH overhead and making it possible to perform wide band SRS for frequency dependant scheduling on cell edge UEs. For measuring wide bandwidth by aperiodic SRS on cell edge UEs, the frequency hopping defined in Rel-8 could be considered for multi-shot SRS transmission by one triggering of aperiodic SRS. We propose to investigate multiple shot transmissions for A-SRS in Rel-11 based on control overhead vs. uplink performance trade-off analysis.
· DM-RS based sounding

Considering that LTE-A UEs have multiple power amplifiers and antennas, the coverage of sounding RS can be a significant issue due to the fact that transmission power of each antenna could be reduced by sharing the total transmit power of UE according to the number of transmit antennas. Therefore, SRS coverage enhancement might be required for LTE-A UEs with multiple transmit antennas as compared to Rel-8 coverage with single antenna. An additional DM-RS based sounding might be considered in Rel-11 as a method to enhance SRS coverage for power limited UEs since DM-RSs of consecutive slots in a sub-frame can be utilizing for sounding in addition to current SRS resource. 
There can be two approaches on the utilizing DM-RS as channel measurement [7][8]. The first one is to reuse the DM-RS which is accompanied with PUSCH transmission under the configuration of UL MIMO. The second is to exploit the unused DM-RS which is not assigned for PUSCH transmission. In the first approach, reusing PUSCH DM-RS for channel sounding could be backward compatible only in case of UL SU-MIMO with full rank, i.e. usage of same pre-coding for both DM-RS and UL PUSCH data in Rel-10 specification. On the other hand, the latter does not accompany any data transmission which means that any arbitrary pre-coding can be used for DM-RS transmission. In other words, an additional transmission mode which is not defined in Rel-8/9/10 might be necessary or additional signaling and mechanism can be required for supporting the second approach. 

As an alternative for sounding coverage/capacity enhancement, we suggest to study DM-RS based sounding in Rel-11 .
· A-SRS triggering on multiple carriers

Since simultaneous SRS transmission on multiple carriers is allowed in Rel-10, it might be possible to transmit aperiodic SRSs on multiple carriers by indicating a set of multiple carriers at once for aperiodic SRS transmissions. It is advantageous to have PDCCH overhead reduction for A-SRS transmission on multiple carriers by single A-SRS triggering message. Similar to aperiodic CQI request for indicating a single CC/multiple DL CCs in Rel-10, the signalling and mechanism such as bit configuration on DCI formats, aperiodic SRS parameter configuration and handling on multiple A-SRS triggering might be reused in Rel-11.

4. Conclusion
In this contribution, we discussed on UL RS enhancement for Rel-11 including DM-RS and SRS. Our views are summarized as follows:

Proposal 1: We suggest to further study methods for UL DM-RS enhancement in new deployment scenarios including high mobility scenario.
Proposal 2: We propose to investigate multiple shot transmissions for A-SRS in Rel-11 based on control overhead vs. uplink performance trade-off analysis.
Proposal 3: As an alternative for sounding coverage/capacity enhancement, we suggest to study DM-RS based sounding in Rel-11.
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