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1. Introduction
After RAN1#59bis meeting, an email discussion on SRS enhancement is started, and the issues are listed as following:
· need for dynamic aperiodic sounding

· if so, details

· need for sounding via DMRS

· need for increased SRS multiplexing possibilities

· if so, which methods

· need for multi-cell coordination / randomisation

· which methods if any

· need for precoded SRS

· need for SRS coverage enhancement
· need for non-contiguous SRS transmission
As different options are proposed during email discussion, we further provide our views in this contribution.
2. SRS enhancements for LTE-A 

In this section we discuss some essential techniques for SRS enhancement in LTE-A. Some solutions had been discussed in contributions [2]-[6].
Dynamic aperiodic SRS
Dynamic aperiodic SRS is supported by many companies as a method to improve the scheduling flexibility as well as the efficiency of SRS resources in [2]-[4]. Rather than discussing the benefits of this scheme, we should pay more attention to methods that operate dynamic aperiodic sounding efficiently. So far, some ideas were presented by companies, as discussed below.
· SRS activation via PDCCH. An SRS enhancement based on dynamic triggering was discussed in [3], which introduced an ‘SRS Activation’ bit in DCI format for PUSCH to send a SRS request to UE. To reduce the signaling overhead, the SRS configuration via higher layer signaling for periodic SRS can be reused. However, considering that there may be allocation conflict between aperiodic and period sounding, the SRS reconfiguration via PDCCH should be considered [3]. A new DCI format can be defined for SRS transmission to avoid the conflict, which includes most SRS parameters configured via higher layer in Rel-8, and the “SRS Activation” bit will also be included. This format allows dynamic reconfiguration of SRS transmission, and the scheduling period of SRS will be shorter.
· PDCCH signaling to multiple UEs. A new DCI format similar to Format 3A can be introduced to schedule multiple UEs at the same time [4]. The scheduling of SRS will no longer rely on PUSCH scheduling in this case, but the SRS parameters are still configured via higher layer signaling. The SRS parameters of scheduled UEs can be pre-configured to avoid the allocation conflict.  
· Aperiodic scheduling via higher layer. To reduce the impact of signaling on PDCCH resources, RRC-based method can also be considered. However, higher layer signaling is usually semi-static, and dynamic scheduling via higher layer signaling will meet some challenges in practice.
· Aperiodic sounding via DMRS. DMRS can also be exploited to sound the channel with aperiodic configuration via PDCCH or higher layer. Corresponding analysis can be found in the next section.
All the methods above need additional PDCCH overhead or higher layer signaling, and the scheduling are partly restricted. Furthermore, some mechanisms may even result in conflict or interference to other UEs. Therefore, it still needs careful study on how to schedule the aperiodic SRS resource with no conflict and significant interference via little signaling overhead. On the other hand, though aperiodic SRS can minimize the SRS overhead and improve the efficiency of SRS resources, the SRS capacity can’t be increased. Other enhancements should be introduced to indeed increase SRS capacity.
Sounding via DMRS
To increase the SRS capacity, SRS can indeed be transmitted on DMRS resources as mentioned in [4]-[5]. By this way, additional SRS resources can be obtained without using new physical resources (e.g. additional SRS symbol). The scheduling of DMRS based sounding can be operated via higher layer signaling, PDCCH signaling or even unprecoded DMRS.
· PDCCH based signaling. The BS can transmit a DCI format to indicate UE to transmit an SRS-specific PUSCH without data transmission. The PUSCH bandwidth can be shared with other UE(s) via CDM (with only one multiplexing UE) or OCC, which is similar to MU-MIMO transmission. However, the sounding bandwidth is limited, and if OCC is introduced to enlarge the bandwidth, the scheduling restriction (e.g. limited transmission rank) and interference to multiplexed UEs should be carefully evaluated. 
· Higher layer/semi-persistent scheduling. The semi-static signaling which can be used for persistent scheduling scenario can be utilized to reduce control overhead. For example, the scheduling of PUSCH transmission for primary UE as well as the sounding configuration of multiplexing UEs can be predefined in persistent scheduling way via higher layer signaling. As the scenario of this scheme is limited, it doesn’t help much for SRS capacity improvement.
· Unprecoded DMRS. The BS can get channel information directly from DMRS without any additional downlink signaling. This can be an implementation issue without specification impact. Nevertheless, as precoded DMRS had been agreed in TR 36.814, unprecoded CSI will be very hard to obtain in BS.
To summarize, the key issues of sounding via DMRS are how to provide a good tradeoff between DL signaling overhead and sounding capacity improvement and how to provide a large bandwidth sounding via DMRS with little interference to multiplexed UEs. Anyway, how much capacity improvement can be obtained via DMRS needs further study.
Increased SRS multiplexing via extended comb and CS 
In LTE Rel-8, only two FDMed users can transmit SRS in the same bandwidth. If the comb is extended, for example, to 4, then the SRS multiplexing capacity can be doubled. It’s been analyzed in [6] that the backward compatibility and feasibility is robust with extended comb and CS. We further discuss some issues about comb extensibility as following:
· To ensure integral sampling distance between CSs with current SRS bandwidth configurations and hopping method in Rel-8, the number of CSs in current specification should be modified. The 12 CSs for Rel-8 DMRS can be reused. In small delay spread scenarios, all the CSs can be used for SRS multiplexing, and the SRS capacity can be further improved. In large spread scenarios, the allowed number of multiplexed SRS is smaller according to simulation results in section 2 of [1], and only part of CSs (e.g. 6CSswith maximal CS offset) can be chosen. Even with only half of CSs used, the SRS capacity can still be improved by 50%.
· The time domain distance between CSs will be halved compared to Rel-8 if comb is extended to 4. However, as the primary power is distributed in the first several paths, even if the time domain distance between CSs is slightly smaller than the delay spread of channel, there will not be very significant sounding error. 
In [1], we provide some simulation results to show that the introduction of extended comb and CS would not result in significant interference and performance loss, even in large delay spread scenarios with timing error. Furthermore, this scheme can provide additional benefits for orthogonal multi-cell SRS coordination. Therefore, as a simple and straightforward solution to improve SRS multiplexing resource, extended comb and CS should be considered for SRS enhancement in LTE-A.
Multi-cell SRS coordination
In order to make use of channel reciprocity in CoMP applications, it is agreed that UE transmission of SRS can be used for CSI estimation at multiple cells exploiting channel reciprocity [7]. Design of Rel-8 SRS targets single cell performance. However, according to previous research results, Rel-8 SRS may be not sufficient to meet the requirements of CoMP applications [8-9]. Therefore, it is necessary to introduce mutli-cell SRS coordination to guarantee channel estimation accuracy at cells other than serving cell of intended UEs. Several coordination schemes are proposed, and they can be classified as following:
· Reusing Rel-8/9 SRS mechanisms to implement coordination. This is already supported by Rel-8/9 SRS if the coordination is applied to intra-eNodeB. UEs in different cells are separated in time or frequency domain. When a UE is sending SRS on specific time/frequency resources, UEs in other cells should not send anything on the corresponding time/frequency resources. By this way, inter-cell interference is reduced, and hence, channel estimation accuracy is improved. However, it is obvious that such a coordination leads to decrease of resource utilization efficiency, especially when there are only few CoMP UEs, e.g., even a single CoMP UE is sending SRS, the corresponding resources in other cells should be completely blanked. It is not an efficient way of using SRS resources.
· Introducing CoMP-specific SRS resource/sequence to implement coordination. The coordinating cells reserve the same time/frequency resources for CoMP UE. The resources are used by CoMP UE, and non-CoMP UE can use other symbol or frequency band for sounding. The resources are shared by all CoMP UEs in the coordinating cells, and CoMP UEs can be separated in time/frequency/code domain. A CoMP UE may be assigned a root sequence different from its serving cell’s, e.g., CoMP-specific SRS sequence. It is worthy noting that, a non-CoMP UE can also be scheduled to use the reserved SRS resources if available. Compared with the previous scheme, since SRS resource does not need to be blanked, resource utilization efficiency is higher.
Taking into account the increasing demand of SRS resources in LTE-A, we propose to introduce CoMP-specific SRS resource/sequence to implement multi-cell SRS coordination.
3. Conclusions
In this contribution, we analyze some schemes for SRS enhancement in LTE-A. From the above discussion, we summarize that:
· It needs further study how to operate dynamic aperiodic sounding or DMRS based sounding efficiently taking PDCCH overhead and intra-cell interference into count.
· Extended comb and CS can be candidate for enhancement of UL sounding in LTE-A.

· Introducing CoMP-specific SRS resource/sequence to implement multi-cell SRS coordination is preferable due to its higher resource utilization efficiency.
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