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1. Introduction

Several parameters related Sounding RS (SRS) has been discussed and agreed in RAN1 so far. However, we still have some remaining items to be discussed and decided on SRS parameters.
In this paper, we discuss the following items.
· Possible SRS bandwidth used by UE 
· Possible system-level SRS bandwidth and indication 
· Relation between system-level SRS bandwidth and SRS configuration of each UE
· Sub-frame with SRS transmission indication 
· Cyclic shift configuration and indication 
2. Discussion
2.1. Sounding RS bandwidth used by UE (dedicated information)
In Jeju meeting, we agreed the followings as bandwidth used by a UE.

· narrowband SRS (2 RB in 6 RB system bandwidth, 2, 4 or 6 in >6RB system bandwidth), except PUCCH region
· wideband SRS: exact values to be defined, including whole available BW, except PUCCH region
Narrowband SRS
As discussed in [4] , the difference of channel sounding accuracy between 2RB and 4RB SRS bandwidth is negligible. Therefore, we agree to change the narrowband SRS of 6RB system bandwidth from 2 RB to 4 RB. For larger than 6RB system bandwidth, although there are three options as 2, 4 and 6, we propose to define only 4 RB as narrowband SRS and common for all possible system bandwidth for simplicity. 

Proposal 1: Narrowband SRS: 4 RB for all possible system bandwidth.
Wideband SRS

For wideband SRS used by a UE various options has been discussed in [1] 

 REF _Ref189997347 \n \h 
[2] 

 REF _Ref189997200 \n \h 
[4] as follows;
· limiting the maximum wideband SRS bandwidth to approximately 5MHz [1] 
· Supporting 1/2, 1/3 and 1/4 bandwidth of a full SRS bandwidth for wider system bandwidth [2] 

 REF _Ref189997200 \n \h 
[4] 
· SRS bandwidth should be multiple of 4RB to support for maximum cyclic shift separation between 8 adjacent CS resources [4] 
We think the above proposals were well considered from various point of views. For wider system bandwidth such as 10/15/20MHz, the number of UEs which can transmit full SRS bandwidth would be very limited because of the maximum transmission power limitation of UE. Therefore, fractional SRS bandwidth of a full SRS bandwidth is needed. In addition, full SRS bandwidth for wider system bandwidth might not be necessary since an evaluation result showed 5MHz SRS bandwidth achieves similar throughput performance to 10MHz SRS bandwidth in [1]. Therefore, we should be combined the above each proposals to make the most of their merits.
Proposal 2:

· Maximum wideband SRS: up to 5MHz, (or up to 10MHz, if necessary)
· Supporting fractional bandwidth: 1/2 bandwidth for 10MHz, 1/3 bandwidth for 15MHz and 1/4 bandwidth for 20MHz

· Limiting possible SRS bandwidth to multiple of 4RB (as much as possible)  
Table 1 combination of possible SRS bandwidth using by a UE
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2.2. System level SRS bandwidth and indication (broadcast information)

System-level SRS bandwidth
Since it was agreed that narrowband SRS and wideband SRS are transmitted except PUCCH region in Jeju meeting, available system-level SRS bandwidth, i.e. entire SRS bandwidth configured by eNB, is restricted by the number of occupied RBs by PUCCH to avoid SRS transmission into PUCCH region. As the number of RBs used for PUCCH could be semi-statically changed, SRS bandwidth is also changed when SRS is transmitted to entire PUSCH region 
Because one purpose of the SRS transmission is to sound channel condition for time-frequency channel dependent scheduling and link adaptation, it should be possible to transmit SRS to entire PUSCH region. Meanwhile, a mode of operation limiting system-level SRS bandwidth to a part of PUSCH region has been proposed to give some flexibility to transmit PUSCH without puncturing. Although increasing available options of system-level SRS bandwidth could satisfy the these requirements, large number of options requires large number of signaling bits to indicate one of available system-level SRS bandwidths on D-BCH, in addition, it requires more test effort. Therefore, we think 2 or 3 different system-level bandwidth should be enough to cover the fluctuation of PUCCH bandwidth and/or to support system-level SRS bandwidth limitation to allow PUSCH transmission without puncturing. 
Specific sets of available system-level SRS bandwidth were discussed and proposed in [2] 
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[4] . In [2] three different system-level SRS bandwidth in case of 5MHz and larger system bandwidth was proposed based on the PUCCH overhead analysis. We think the proposed system-level SRS bandwidths are good values from flexibility of SRS bandwidth configuration and complexity perspectives. Therefore, we propose available system-level SRS bandwidths Table 2 that based on the proposal in [2] . 
Proposal 3: Table 2 should be applied for available SRS bandwidth for each system bandwidth.
Table 2 possible SRS bandwidth using by a UE
	System bandwidth
	System-level
SRS bandwidth
	Narrowest bandwidth
	Full SRS bandwidth
	1/2 bandwidth
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	1/4 bandwidth
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*SRS bandwidths in ( ) will be removed from the table if RAN1 agree not to support 10MHz wideband SRS.
System-level SRS bandwidth indication (broadcast information)
There are two alternatives for UE to know system-level SRS bandwidth.

· Alt.1 Implicit derivation from PUCCH bandwidth: 

System-level SRS bandwidth is implicitly derived from PUCCH bandwidth indicated as broadcast information (i.e. system-level SRS bandwidth = system bandwidth – PUCCH bandwidth).

· Alt.2 explicit indication of system level SRS bandwidth: 

System-level SRS bandwidth is explicitly indicated from eNB to UEs as system information on D-BCH.

One of the motivations to introduce explicit indication (Alt.2) would be to allow PUSCH transmission without one SC-FDMA puncturing by limiting system-level SRS transmission bandwidth. However, the performance gain or loss of this scheme is unclear, in addition, explicit indication (Alt.2) requires additional signaling to indicate system-level SRS bandwidth. Therefore, we prefer Alt.1, i.e. implicit derivation from PUCCH bandwidth.

If system-level SRS bandwidth limitation results in remarkable performance gain, we agree to support explicit indication of system-level SRS bandwidth (Alt.2). However, since the less number of options is preferable, we propose to use the available system-level SRS bandwidth for each system bandwidth shown in Table 2. 
Proposal 4: No explicit indication of System level SRS bandwidth, i.e system-level SRS bandwidth is implicitly derived from PUCCH bandwidth (system bandwidth – PUCCH bandwidth).
2.3. Relation between system-level SRS bandwidth and SRS configuration of each UEs

As discussed in the previous section, system-level SRS bandwidth could be semi-statically changed by PUCCH bandwidth (in case of implicit indication) or by eNB indication (in case of explicit indication). Therefore, SRS configuration such as SRS transmission bandwidth and/or frequency location is also changed corresponding to system-level SRS bandwidth. In this section we discuss SRS configuration for narrowband SRS corresponding to different system-level SRS bandwidth.
We can envisage two different approaches for narrowband SRS configuration as follows;

Approach 1: Increasing/decreasing the number of narrowband SRS (Figure 1)
The number of narrowband SRS is changed corresponding to system-level SRS bandwidth. 
Approach 2: Fixed number of narrowband SRS (Figure 2)
The number of narrowband SRS is not changed irrespective of system-level SRS bandwidth. A gap RB(s) is inserted between each narrowband SRS in order to sound channel condition evenly for each narrowband SRS.
In case of Approach 1, since the available number of narrowband SRS is increased for wider system-level SRS bandwidth, capacity of narrowband SRS can be increased. However, some dedicated signaling from eNB to UE to configure narrowband SRS is necessary for the narrowband SRS added or removed from SRS region. In addition, if a specific frequency hopping pattern is applied for SRS, different frequency hopping pattern corresponding to the different system-level SRS bandwidth may have to be specified because the different number of narrowband SRS within system-level SRS bandwidth is configured.
Meanwhile, in case of Approach 2, since the number of narrowband SRS is fixed irrespective of system-level SRS bandwidth, dedicated signaling to UEs transmitting SRS is not required even when system-level SRS bandwidth is changed. In addition, if a specific frequency hopping pattern is applied for SRS, a common frequency hopping pattern can be used. As a demerit, the capacity of narrowband SRS is not increased in wider system-level SRS bandwidth. However, wider system-level SRS bandwidth means the smaller number of PUCCH, namely, the number of UEs in active-state is relatively small, so the capacity difference between Alternative 1 and 2 would not affect system level performance.
Therefore, we propose Approach 2 for narrowband SRS configuration as followings

Proposal 5:

· Fixed number of narrowband SRS irrespective of system-level SRS bandwidth
· Frequency position of each available SRS should be pre-defined corresponding to each system-level SRS bandwidth
· e.g. narrowband SRSs are uniformly distributed to entire system-level SRS bandwidth.
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Figure 1 Narrowband SRS configuration by increasing/decreasing the number of narrowband SRS.
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Figure 2 Narrowband SRS configuration by increasing/decreasing the gap RB between narrowband SRS.
2.4. Sub-frames with SRS transmission (broadcast information)
It was agreed that the D-BCH signals the sub-frames with SRS transmission for all UEs to enable to puncture one SC-FDMA symbol of PUSCH transmission to avoid collision between SRS and PUSCH transmission from UEs not to transmit SRS. In order to consider possible combination of sub-frames with SRS transmission, SRS transmission period used by UE has to be taken into account.
We have already agreed SRS transmission period used by a UEs in Jeju and Sevilla meeting as
· 2, 5, 10, 20, 40, 80, 160, 360 ms
In order to support all SRS transmission period above, every sub-frame and even/odd sub-frame with SRS transmission are necessary. Therefore, the following SRS sub-frame configuration has to be supported [3] .
· Every sub-frame with SRS transmission : 

[1111111111]
· Even/odd sub-frame with SRS transmission:
[1010101010] or [0101010101]
where "1" shows a sub-frame with SRS transmission, "0" shows a sub-frame without SRS transmission, ten digits mean each sub-frames within a frame.
As also discussed in [3] , SRS overhead in case of even/odd sub-frame with SRS transmission is 3.6%, we think this number is enough small overhead of SRS. Therefore, we agree to have 1-bit indication for sub-frame with SRS transmission. If more overhead reduction is necessary, it would be okay to introduce 5ms and 10ms interval configuration (e.g [0001000010],[0100000000]).
Proposal 6:
· 1bit indication of sub-frames with SRS transmission as broadcast information
-  Every sub-frame with SRS transmission: 
[1111111111]
-  Even/odd sub-frame with SRS transmission:
[1010101010] or [0101010101]
2.5. Cyclic shift configuration (broadcast information)

In Shanghai meeting, it was agreed that a cyclic shift of the SRS sequence is indicated by 3-bit signaling as dedicated information, namely, 8 different cyclic shifts can be supported by 3-bit. Therefore, we agree to support 8 cyclic shift separations as discussed in [4] .This 8 cyclic shift separation can support 1, 2, 4 and 8 cyclic shift operation. Meanwhile, we think supporting 3 and 6 cyclic shift separations would be also important to adopt various channel condition especially for various delay spread of the channel. Therefore, we propose to add 1-bit signaling on D-BCH to indicate 6 or 8 cyclic shift separations. With introducing 1-bit signaling to indicate 6 or 8 cyclic shift configuration 1,2,3,4,6 and 8 cyclic shift separation for SRS can be configured by 3-bit cyclic shift indication by eNB.
Proposal 7: 
· 1 bit signaling of cyclic shift configuration as follows should be added as broadcast information
· 6 cyclic shift separations 
· 8 cyclic shift separations 

3. Conclusion

We discussed Sounding RS parameters indicated to UEs as broadcast information and dedicated information.
From the discussion, we propose the followings;

· Narrowband SRS (dedicated information)
· 4RB for all possible system bandwidth

· Wideband SRS  (dedicated information)

· As shown in Table 2
· System-level SRS bandwidth indication (system information)
· No explicit indication of system-level SRS bandwidth, i.e system-level SRS bandwidth is implicitly derived from PUCCH bandwidth (system bandwidth – PUCCH bandwidth).
· SRS configuration corresponding to each system-level SRS bandwidths
· Fixed number of narrowband SRS irrespective of system-level SRS bandwidth
· Frequency position of each available SRS should be pre-defined corresponding to each system-level SRS bandwidth 
· e.g. narrowband SRSs are evenly distributed to entire system-level SRS bandwidth.

· Sub-frames with SRS transmission (system information)
· 1-bit indication of sub-frames with SRS transmission as broadcast information

-  Every sub-frame with SRS transmission: 
[1111111111]
-  Even/odd sub-frame with SRS transmission:
[1010101010] or [0101010101]
· Cyclic shift configuration (broadcast information)
· 1-bit signaling of cyclic shift configuration as follows should be added as broadcast information

· 6 cyclic shift separations

· 8 cyclic shift separations
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