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1. Introduction

In the RAN #68 meeting, high level categories for reference signal enhancements were agreed, which are captured in the WID [1]:

· Specify enhancements on reference signal in the following areas

· SRS capacity improvement

· Support for SRS transmission with 4TX antennas as a second priority.
In this contribution, we study the comparison of several SRS capacity enhancement options and give our views on increase the number of UpPTS SC-FDMA symbols for SRS.
2. Comparative study of SRS capacity enhancement options
2.1.  Necessity of SRS capacity enhancement 
In TDD systems, UE specific beamforming can be acquired based on channel reciprocity that can be achieved through sounding reference signal (SRS) transmitted from UE. In general, to support MIMO operation based on channel reciprocity, SRS transmission that is same as the number of receive antenna is necessary to obtain the full downlink channel state, for instance, in case of 4Rx UE, the 4Tx SRS transmission is necessary [2]. In order to support 4Tx SRS transmission, however, 4 fold resources should be assigned to each UE. Considering increase of UEs equipped by more number of antennas, e.g., 4Rx UE, SRS capacity seems to be getting more insufficient in the future. In FDD systems, on the other hand, it is difficult for eNB to obtain the full downlink channel by SRS since the uplink and downlink are allocated by different frequencies. Although acquiring the long-term statistical channel characteristics based on SRS, which mainly include the direction of multi-paths of downlink channel, can be used in FDD systems, the necessity of 4 Tx SRS transmission is less than TDD systems since estimated the long-term statistical channel characteristics is able to be obtained with less number of SRS antenna ports. In this sense, SRS capacity enhancement seems to be more effective for TDD systems. In Rel.13 at least, therefore, we prefer to adopt SRS capacity enhancement in TDD. It will be more adequate to discuss on SRS capacity enhancement in FDD in the future release if needed.
Observation 1: Compared with FDD system, the necessity of SRS capacity enhancement is more required in TDD associated with 4Tx SRS transmission. 
2.2. Comparison of SRS capacity enhancement options
In [3], there have been a few possible alternatives to enhance SRS capacity and those could be a good starting point for RAN1 to discuss this issue. In Table 1, we summarize pros and cons of the possible alternatives for SRS capacity enhancement. 
Table 1. Alternatives for SRS capacity enhancement
	Alternatives
	Pros
	Cons

	1. Transmitting SRS on unused PUSCH DMRS resources
	· Transparent to legacy UE
	· Limited capacity enhancement
· Increased PDCCH overhead
· Full band SRS not available

	2. Transmitting SRS on PUSCH resources
	· Significant capacity enhancement
	· Legacy UE impact
· Restricted PUSCH scheduling

	3. Increase the number 
of comb
	· Easiest way to adopt
· Useful for inter-cell interference
	· Legacy UE impact
· Decreased CDM processing gain

· Impact on UL channel estimation

	4. Increase the number of UpPTS SC-FDMA symbols
	· Transparent to legacy UE
	· Reduced guard period in the special subframe


Alternative-1: Reuse unused DMRS for sounding by scheduling DMRS in PUSCH
First alternative is to reuse unused DMRS for sounding in case of uplink subframe is not fully utilized. The advantage of this approach is that discussion on additional resource dedicated for SRS transmission is not needed. It means that impact on legacy UE does not happen with this alternative. While this is a viable way to increase SRS resources and hence multiplexing capacity, the disadvantage of this alterative is that the amount of SRS capacity enhancement is limited. Specifically, this alternative is applicable to resources those are not allocated for UL grant of other UEs; thus it relies on the data traffic of the eNB. It is also possible to use different cyclic shift and OCC with co-allocated UE, but interference between UL DMRS for SRS and UL DMRS for decoding PUSCH should be further investigated for this operation. Another disadvantage is that this alternative is necessary to configure UL grant that will be used for DM-RS. It means that the DCI format 0 or 4 should be delivered to UE for this purpose, and this might be excessive in terms of PDCCH overhead, i.e., additional PDCCH that is not needed unless this alternative is adopted should be transmitted. In particular, in case of triggering multiple DMRS transmissions to utilize full-band sounding purpose, the PDCCH overhead seems to be more serious.
Alternative-2: Utilize more than one SC-FDMA symbols in a PUSCH subframe for SRS
In the current specification, only one SC-FDMA symbol per UL subframe which is configured by cell-specific subframe configuration is used for SRS transmission. Since SRS transmission utilizing more SC-FDMA symbols can potentially use up to 14 symbols for SRS transmission, this alternative seems to provide the most significant capacity enhancement among possible alternatives. One concern of this alternative is that legacy UE cannot recognize the additional SC-FDMA symbols for SRS transmission. eNB can resolve this issue by 1) scheduling legacy UE on another subframe that is not used for alt.2, or 2) co-scheduling legacy UE on the same subframe while taking degradation of legacy UE’s PUSCH throughput. Both ways are possible, but it is obvious that those cause additional scheduling complexity to eNB and inefficient resource usage. In particular, in case of less number of uplink subframes in TDD, for instance, UL/DL configuration 5 with 8:1 DL/UL configuration [4], the uplink scheduling with Alt.2 seems to be more or less impossible.
Alternative-3: Increase the number of combs by reducing frequency-domain density from every 2 REs to 4 or 8 REs

This solution increases SRS multiplexing capacity at the expense of SRS estimation reliability as the sequence length is decreased. In addition, this option seems to be skeptical to the frequency selective channel, especially in case of 8-RE spacing. Further investigation of SRS estimation performance is necessary to adopt this alternative.
 Alternative-4: Increase the number of UpPTS SC-FDMA symbols for SRS
Another possible option to increase SRS capacity is to increase UpPTS symbols for SRS transmission. In the legacy system, the number of UpPTS symbols in special subframe in TDD configuration is one or two that seems to be conservative design considering wide cell coverage, i.e., long guard period. Considering SRS capacity enhancement is mostly required with dense cell deployment where more UEs are served by, increasing number of UpPTS symbols for SRS transmission seems to be a reasonable option. Another advantage of this alternative is that this alternative is transparent to legacy UE since this alternative uses guard period where legacy UEs do not try to transmit any uplink signal.  
Proposal 1: Considering analysis of pros and cons of possible alternatives in terms of legacy impact and target scenario, i.e., more SRS capacity in TDD configuration, Increase the number of UpPTS SC-FDMA symbols for SRS is slightly preferred.

3. Increasing the number of UpPTS SC-FDMA symbols  
In this section, we provide possible options for supporting SRS capacity enhancement using increased UpPTS symbols for SRS transmission.
3.1. Investigation on proper additional UpPTS SC-FDMA symbols for SRS transmission
In [4], the length of DwPTS and UpPTS in special subframe is given by Table 4.2-1. The length of UpPTS varies depending on special subframe configuration. Without consideration of enough guard period, we can extend the length of UpPTS up to 10 symbols(21920Ts) with normal CP. For example, a special subframe consists of DwPTS of the length 6592Ts, guard period of the length 2208Ts, and UpPTS of the length 21920Ts. However, in the reality, guaranteeing guard period is a necessary condition of eNB deployment, we need a good compromise between guard period and additional UpPTS symbols for SRS transmission. For example, if 3 additional UpPTS symbols is considered on the top of legacy two UpPTS symbols, we can expect around 60~100% SRS capacity enhancement over legacy SRS for all DL/UL TDD configurations. 
Observation 2: It is necessary to discuss a proper additional number of UpPTS symbols considering a good compromise between guard period and SRS capacity enhancement.
3.2. Specification impact for increasing UpPTS SC-FDMA symbols for SRS transmission
In this section, we briefly introduce possible specification impact to introduce increasing UpPTS SC-FDMA symbols for SRS transmission. In the current specification, the subframe for SRS transmission is explicitly indicated by higher layer signalling. In particular, SRS periodicity and subframe offset is configured to UE and the configuration rule is described in 8.2 in [4] and the rule is designed under assumption of up to two UpPTS SC-FDMA symbols for SRS transmission. If RAN1 consider increasing UpPTS SC-FDMA symbols, this configuration rule should be modified accordingly. 
Observation 3: Configuration of SRS periodicity and subframe offset should be modified to reflect updated number of UpPTS SC-FDMA symbols for SRS transmission if Alt.4 is adopted
One possible option to reflect the specification impact is obviously that RAN1 design a new subframe configuration rule. For instance, Table 8.2-3 in [4] can be revised reflecting increased UpPTS symbols. Otherwise, RAN1 might consider combining legacy rules and specifying explicit symbol number among UpPTS SC-FDMA symbols those are newly introduced in Rel.13. For instance, eNB can configure SRS subframe 1) relying legacy configuration rule if SRS is transmitted on the subframes used in the legacy system, and 2) configure explicit position of the UpPTS symbol if SRS is transmitted on the symbols not used in the legacy system. 
4. Discussion and Conclusion

In this contribution, we give our views on the SRS capacity enhancement issue and we have the following observations and proposal. 

From the comparative study of SRS capacity enhancement options, 
Observation 1: Compared with FDD system, the necessity of SRS capacity enhancement is more required in TDD associated with 4Tx SRS transmission. 
Proposal 1: Considering analysis of pros and cons of possible alternatives in terms of legacy impact and target scenario, i.e., more SRS capacity in TDD configuration, increasing the number of UpPTS SC-FDMA symbols for SRS is slightly preferred.

To support SRS capacity enhancement using increased UpPTS symbols for SRS transmission, we have an observation and a proposal as follows.
Observation 2: It is necessary to discuss a proper additional number of UpPTS symbols considering a good compromise between guard period and SRS capacity enhancement.

Observation 3: Configuration of SRS periodicity and subframe offset should be modified to reflect updated number of UpPTS SC-FDMA symbols for SRS transmission if Alt.4 is adopted
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