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1 Introduction  
In RAN1#82 meeting, the SRS capacity enhancements have been discussed and the following agreements and working assumption have been concluded [1]. 
Agreement:

· Specify at least the following SRS capacity enhancements in Rel-13: 
· Increase the number of UpPTS SC-FDMA symbols for SRS

Working Assumption:

· Increase number of combs to 4

· FFS: Max number of CS 

Other enhancement techniques that have been studied in the SI or submitted at RAN1#82 can also be discussed at RAN1#82bis. 

In this contribution, we will give our analysis on the agreed enhancement schemes and other enhancement techniques.
2 Discussion on SRS enhancement 
2.1 Increasing the number of UpPTS SC-FDMA symbols for SRS
Currently, SRS can be transmitted using maximum two SC-FDMA symbols on UpPTS in the current LTE network. A straightforward way to increase the SRS capacity is to increase the number of SC-FDMA symbols of UpPTs. However, the impact of this scheme on the legacy UEs and the coexistence with the neighbouring cells should be carefully considered for the operator to deploy it. 
Furthermore, the standard impact of this scheme should also be studied. Due to the coexistence with TD-SCDMA, the maximum SC-FDMA symbols of the UpPTS can only be up to four. Considering the round trip delay and the transition time from downlink transmission and uplink reception, the minimum required time for GP should be two SC-FDMA symbols. Given that, the maximum available SC-FDMA symbols for DwPTS is eight which becomes a new special subframe configuration of (8:2:4). However, since this new configuration cannot be acknowledged by the legacy UE, the legacy UE should be properly configured to work well under this new configuration.
Table 1 lists the configuration of the special subframe. Configuration 0~9 represent the configurations of legacy system and configuration 10 ~12 denote the possible candidate configurations targeting for the SRS capacity enhancement. If the network is configured with configuration 10 of (8:2:4), the legacy UE should not be configured with a special subframe with DwPTS SC-FDMA symbols of more than eight, otherwise, the PDSCH rate matching for a UE reception will be problematic. 
According to this, configuration of 5 and 9 is suitable to configure for legacy UE. Nevertheless, for both configuration 5 and 9, the SC-FDMA symbols of DwPTS seen by legacy UE and R13 UE is different, which will impact the measurement behavior for these two types of UEs. To align the measurement behavior, the new configuration should have the same SC-FDMA symbols with at least one of the legacy configuration. Configuration 11 of (6:4:4) with six DwPTS SC-FDMA symbols and configuration 12 of (3:7:4) with three DwPTS SC-FDMA symbols can satisfy this requirement. Configuration 11 of (6:4:4) has more DwPTS symbols comparing with configuration 12 which is beneficial for downlink throughput. 
Table 1.legacy and new possible configurations of special subframe
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Therefore, we have the following proposal:
Proposal 1: A new special subframe configuration with increased number of UpPTS SC-FDMA should be specified targeting to provide more SRS resources. 
· special subframe configuration 11(6:4:4) is preferred
Considering the potential risk of the downlink to uplink interference when the two cells are asynchronous due to different special subframe configurations, the scheme of increased number of UpPTS SC-FDMA is more suitable to be employed in the new band.
Proposal 2: The scheme of increased number of UpPTS SC-FDMA is more suitable to be employed in the new band.
It is important to notice that even though increasing the number of UpPTS SC-FDMA symbols can partially enhance the capacity of system to some extent there are still limits inherent to this design. For instance, if we consider the uplink-downlink configuration (configurations 0-6 described in [2]) in frame structure type 2, we realize that the overall opportunities dedicated to occurrence of special subframe is rather limited. Indeed, for configuration 3, 4 and 5 there is only one special subframe in the total frame structure providing a measurement opportunity each 10 msec and for configuration 0, 1, 2 and 6 there are only two special subframe providing a measurement opportunity each 5 msec. For efficient SRS design one should have opportunity of measurement at least equal to coherence time of channel. Actually for UE speed around 60km/h coherence time of channel is reduced to 3.8 msec. In this case, all the aforementioned current configuration are not suitable to be used. 
Therefore, we have the following proposal:
Proposal 3: It is beneficial to consider SRS capacity enhancements that enable frequent sounding opportunities, within coherence time of channel such as sounding using DMRS.   

2.2 Increase number of combs to 4
Extending the RPF from 2 to 4 in frequency domain is equivalent to the repetition of the sequence twice in time domain. If keeping the same length of the cyclic shift, the available number of cyclic shift will decrease in half. Therefore, in theory, the SRS capacity will not be enhanced by using the extension of comb from 2 to 4. From the perspective of reducing inter cell interference, this scheme can provide the benefit as the collision probability will be reduced.
If the comb increased to 4, there exists the sequence collision issue. Since the frequency position for a SRS sequence will change when RPF is configured with 4, the sequence should be carefully designed. SRS is a ZC sequence and it has the following expression
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when the SRS of  comb-1 out of 4 combs in cell 1 has the sequence index with q1, it may collide with the  SRS of comb1 out of 2 combs with sequence index of q2 in the same bandwidth when 
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Figure1.SRS of comb 4 and comb 2 in different cell
Observation: If the comb of 4 for SRS is introduced, it will lead to the sequence collision problem between different cells.
2.3 SRS transmission on DMRS
Unlike the restriction of SRS opportunities only on the special subframe for the scheme with increased number of UpPTS SC-FDMA symbol, SRS on DMRS can be transmitted on any uplink subframe. A UE can piggyback on a PUSCH transmitted from another UE by utilizing the cyclic shifts that are not used as DMRS. This is easily accomplished by scheduling a pure “sounding UE” with the same or partially overlapped bandwidth as the “PUSCH transmitting UE”, thereby indicating that it should only transmit the DM-RS for sounding purpose (as shown in Figure 2). Alternatively, if some RBs are completely empty, they can be given to one or multiple UEs to transmit DM-RS only for sounding purposes in the same manner. 
Both different OCC and different CS can be used to distinguish DMRS for PUSCH and DMRS for SRS. When the DMRS and SRS has the same bandwidth, they can have the same OCC but with different CS as the multiplexing of the DMRS of the 1st UE and the SRS of the 5th UE as shown in Figure 2. Different OCC can be for DMRS for PUSCH and DMRS for SRS to support sounding and PUSCH UE having non-equal bandwidths as demonstrated in Figure 2. In this example a large bandwidth is used to sound 3rd UE before scheduling this UE on the best band after 4 sub-frame delay. 
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Figure 2: Sounding using DMRS independent from PUSCH transmission

Proposal 4: Considering the restriction of the scheme with increased number of UpPTS SC-FDMA symbol, SRS transmission on DMRS can provide more flexibility and should be adopted.
Proposal 5: Different CS and OCC can be used for DMRS for PUSCH and DMRS for SRS. 
2.4 Signalling of SRS on unused PUSCH DMRS resources
In the case of sounding with DMRS one could choose a signaling method with maximum flexibility by performing triggering and configuration in the PDCCH. More precisely, one can reuse existing DCI format for the UL grant which already contains useful fields used for sounding configuration (resource allocation, DMRS allocation and power control command) and then trigger sounding by an unused or invalid code-point in DCI format e.g. combination of MCS and NDI field. For instance, Modulation and coding scheme (MCS) has 5 bits to represent 32 states, in which the last three states (MCS=29/30/31) are used for retransmission without the indication of transport block size and modulation scheme. When the user equipment receives one of the last three states it knows that the retransmission of the previous transport block is needed and refers to the latest PDCCH transmission to obtain the transport block size and modulation scheme. NDI indicates if the transport block to be transmitted should be a new or retransmitted one. Hence, in a normal uplink grant when one of the last states of MCS is transmitted in PDCCH, NDI is not toggled (compared to the earlier transmission) to indicate the retransmission. Therefore, the combination of MCS=29/30/31 and NDI being toggled is invalid for normal data transmission. As a consequence the combination of MCS=29/30/31 and NDI being toggled can be allocated to trigger the sounding transmission. In the case of spatial multiplexing, there are two codewords and two corresponding MCS and NDI that can be combined as explained previously to perform sounding using DMRS. For this scheme a full UL grant is transmitted for the sounded UE which might be different from scheduled UE that transmits data. Usage of DCI format gives the maximum flexibility in-term of triggering and sounding configuration to sounding with DMRS.
Proposal 6: MCS=29/30/31 and NDI being toggled can be allocated to trigger the sounding transmission.
3 Conclusions
In this contribution, we give our analysis on the SRS capacity and reliability issue and we have the following observation and proposals:
Observation: If the comb of 4 for SRS is introduced, it will lead to the sequence collision problem between different cells.
Proposal 1: A new special subframe configuration with increased number of UpPTS SC-FDMA should be specified targeting to provide more SRS resources. t e.g., special subframe configuration 10(6:4:4) is preferred
Proposal 2: The scheme of increased number of UpPTS SC-FDMA is more suitable to be employed in the new band.
Proposal 3: It is beneficial to consider SRS capacity enhancements that enable frequent sounding opportunities, within coherence time of channel such as sounding using DMRS.
Proposal 4: Considering the restriction of the scheme with increased number of UpPTS SC-FDMA symbol, SRS transmission on DMRS can provide more flexibility and should be adopted.
Proposal 5: Different CS and OCC can be used for DMRS for PUSCH and DMRS for SRS. 
Proposal 6: MCS=29/30/31 and NDI being toggled can be allocated to trigger the sounding transmission.
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