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1. Introduction

Several parameters related with Sounding RS (SRS) has been discussed and agreed in RAN1 so far. However, there are still 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
· Frequency hopping for SRS

· Whole available SRS bandwidth and sub-frame with SRS transmission indication 
· SRS multiplexing with PUSCH
· Cyclic shift configuration and indication 
2. Discussion
2.1. SRS bandwidth used by UE
In Jeju meeting, we agreed the followings as SRS 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 operating bandwidth from 2 RB to 4 RB. For larger than 6RB operating 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 
 \* MERGEFORMAT [2] and [4] as follows;
· limiting the maximum wideband SRS bandwidth to approximately 5MHz [1] 
· supporting fractional bandwidth of a whole available SRS bandwidth and tree-based structure (i.e. OVSF-like allocation) [2] 

 REF _Ref189997200 \n \h 
[4] 
· satisfying multiple of 4RB for available SRS bandwidths to support for maximum cyclic shift separation between 8 adjacent CS resources [4] 
We propose the above proposals are combined in order to make the most of their merits since the proposals were considered well from various viewpoints. In addition, the SRS bandwidth configuration should be workable for all possible operating bandwidth and PUCCH configuration, namely operating bandwidth and PUCCH configuration agnostic should be taken into account. Therefore, we propose to apply the concept proposed in [1] as wideband SRS configuration.
However, the current equations in [1] allow to use multiple of 2RB, this does not satisfy multiple of 4RB and does not support tree-based structure between wideband SRS and narrowband SRS. Therefore, we add "multiple of 4RB" restriction to the equations as follows. This restriction can support maximum cyclic shift separation between 8 adjacent CS resources and can reduce signaling overhead to indicate SRS configuration to each UEs since tree-based structure is retained between the wideband SRS and the narrowband SRS.
In addition, we propose not to use floating point operation. Floor and ceiling functions are used for the ease of the implementation.
Table 1 shows the relation between whole available SRS bandwidth and SRS bandwidth configuration derived from the proposal. Figure 1 illustrates examples of wideband and narrowband SRS configuration in 5 and 10MHz operating bandwidth.
STEP1: calculate the number of wideband sounding sub-bands
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: whole available SRS bandwidth satisfying multiple of 4RB, that explicitly indicated by D-BCH or implicitly obtained from operating bandwidth and PUCCH bandwidth as 
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: the maximum wideband SRS bandwidth in RBs (our proposal: 
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STEP2: temporarily calculate wideband SRS bandwidth 
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STEP3: decide wideband SRS bandwidth (in RBs)
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where 
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The agreement on wideband SRS was exact values to be defined, including whole available BW, except PUCCH region. However, we think whole available SRS bandwidth i.e. full band SRS, would not be necessary for wider operating bandwidth such as 10/15/20MHz because
- the number of UEs which can transmit full band SRS bandwidth is very limited because of the maximum transmission power limitation of UE, 
- whole available SRS bandwidth can be sounded by using SRS frequency hopping of narrower band SRS as discussed below.
Therefore, we propose the maximum wideband SRS bandwidth is 24RB, i.e.
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, this is good number to support current agreed operating bandwidth, i.e. 1.4/3/5/10/15/20MHz. In this case, one of wideband SRS bandwidth is selected from 8, 12, 16, 20 and 24RB depending on whole available SRS bandwidth 
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If wider SRS bandwidth, i.e. approximately 10MHz, is really necessary, another option in Appendix could be applied.
Proposal 2:

· The above equations (1), (2) and (3) and parameters for wideband SRS configuration should be captured in the TS

· Maximum wideband SRS bandwidth is 24RB

Table 1 relation between whole available SRS band width and SRS bandwidth configuration (
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Figure 1 Examples of wideband and narrowband SRS configuration (
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2.2. Frequency hopping for SRS

On the frequency hopping for SRS, "SRS hopping or non-hopping can be configured by D-BCH or higher layer signaling together with other SRS transmission parameters" was agreed in RAN1#50 (Athens) meeting [9] .
The main purpose of the frequency hoping is to enable wideband channel sounding by using narrower bandwidth SRS. In order to achieve this, the following two options are envisaged.
A) to define specific frequency hopping patterns

B) to allow multiple SRS configuration with different band and different time offset[8] 
Our preference is option B.

For option A, with taking into account operation bandwidth and PUCCH bandwidth agnostic, specific frequency hopping pattern would become very complicated. In addition, flexibility of the SRS band configuration and allocation to UEs would be restricted due to the frequency hopping pattern.
For option B, wider band sounding can be accomplished by configuring two or more SRS transmission with different frequency band to a UE. Although different timing has to be allocated to a UE to ensure single carrier property, this approach would relax the complexity of SRS configuration to achieve the wide band sounding compared to option A. Therefore, we prefer this option. The maximum number of SRS configuration should be up to four which can allow channel sounding for almost entire operation bandwidth even for 20MHz operation bandwidth by using 24RB wideband SRS 
Proposal 3:
· To allow multiple SRS configuration with different band and different time offset

· The maximum number of SRS configuration is 4.
2.3. SRS bandwidth/sub-frame indication and interaction with PUSCH
Since 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 whole available SRS bandwidth to a part of PUSCH region has been proposed to give a possibility to transmit PUSCH without one symbol puncturing.

In order to allow transmitting PUSCH without puncturing by the SRS transmission symbol, there are two different approaches as follows,
· Dedicated signaling approach: to indicate whether the SRS transmission symbol is available for PUSCH data transmission to each UE by using uplink grant, etc.
· Broadcast signaling approach: to indicate detailed SRS bandwidth and sub-frame position with SRS transmission on D-BCH. 

In case of dedicated signaling approach, it has been proposed a) including 1 bit in the UL grant to indicate whether the SRS transmission symbol is available for PUSCH data transmission [4] and b) including 2 bits in the UL grant to signal the SRS transmission comb [10] . With these approaches, only PUSCH transmission with uplink grant is allowed to utilize unused SRS symbol. In order to allow PUSCH transmission in SRS symbol for re-transmitted PUSCH and persistently scheduled PUSCH, eNB has to use uplink grant for re-transmitted PUSCH and may include 1-bit or 2-bit into the higher layer signaling for persistent PUCSH configuration. However, these approaches require more PDCCH transmission to utilize unused SRS symbols and would make eNB and UE operation more complex. 
In case of broadcast signaling approach, broadcast information indicating detailed SRS bandwidth (frequency domain) and sub-frame (time domain) configuration allow PUSCH transmission without one symbol puncturing. All UEs can know whether the SRS transmission symbol is available for PUSCH data transmission without any dedicated signaling irrespective of dynamic/persistent scheduled PUSCH or first /re-transmission.

Although the singling overhead for the indication of the available SRS bandwidth and the sub-frame on D-BCH may be one issue, we think at most 15 bits is enough for this purpose. More specifically, 5 bits are enough to indicate allowable SRS bandwidth because there are 27 possible SRS bandwidths by using 4RB granularity from 4RB to 110RB operating bandwidth, i.e. 4,8,12,…,108. For the sub-frame indication, 10 bits can cover all possible combinations of SRS sub-frame configuration within a frame by using bit map approach (e.g. [1000010000], [0101101110] where 1: sub-frame with SRS, 0: sub-frame w/o SRS). 
In addition, we think the number of these signaling bits can be reduced. For example, the range of the available SRS bandwidth can be reduced by linking system operation bandwidth information that is indicated on P-BCH. The number of the signaling bits for the sub-frame indication can be also reduced to few bits by reducing possible sub-frame combination with SRS transmission. Therefore, the reality would be around 8 bits would be enough.
As discussed in [3] , the maximum SRS overhead is 7.2% even in case that SRS region is allocated to all sub-frame and all resource blocks of PUSCH region because of occupying only one SC-FDMA symbol per sub-frame. We don't see any reason to choose dedicated signaling approach just for utilizing unused SRS symbol.

From the above discussion, we propose to apply broadcast signaling approach and not to include any bits in uplink grant for this purpose.
Proposal 4:

· To signal SRS bandwidth and sub-frame position with SRS transmission on D-BCH for the purpose of allowing PUSCH transmission without puncturing in the SRS transmission symbol.
· Not to include any bits in uplink grant for the SRS indication.
2.4. 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. 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 allocation corresponding to the propagation channel condition. 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 5: 
· 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.
From the discussion, we propose the followings;

· SRS bandwidth used by a UE

· Narrowband SRS: 4RB for all possible system bandwidth

· Wideband SRS: equations (1), (2) and (3) and parameters in section 2.2 should be captured in the TS
· Frequency hopping for SRS
· To allow multiple SRS configuration with different band and different time offset
· The maximum number of SRS configuration is 4.
· SRS bandwidth/sub-frame indication and interaction with PUSCH 
for the purpose of allowing PUSCH transmission in the SRS transmission symbol.

· To signal SRS bandwidth and sub-frame position with SRS transmission on D-BCH 
· Not to include any bits in uplink grant for SRS indication
· 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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Appendix: Wideband SRS configuration supporting around 10MHz SRS bandwidth
In this section, wideband SRS configuration for supporting up to around 10MHz SRS bandwidth is shown at the alternative..
To support up to around10MHz SRS bandwidth, the maximum wideband SRS bandwidth 
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 is set as 48. We add "multiple of 8RB" restriction to the equations in case that whole available SRS bandwidth is larger than 24RB in order for retaining tree-based structure. We also propose not to use floating point operation. Floor and ceiling functions are used for the ease of the implementation. In this case, first wideband SRS bandwidth is selected from 48, 40, 32, 24, 20, 16, 12 and 8 depending on whole available SRS bandwidth
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Table 2 shows the relation between whole available SRS band width and SRS bandwidth configuration derived from the following equations. Figure 2 illustrates examples of wideband and narrowband SRS configuration in 5 and 10MHz operating bandwidth.
STEP1: calculate the number of wideband sounding sub-bands
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STEP2: temporarily calculate wideband SRS bandwidth 
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STEP3: decide 1st wideband SRS bandwidth (in RBs)
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where 
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STEP4: decide 2nd wideband SRS bandwidth (in RBs)
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Table 2 relation between whole available SRS band width and SRS bandwidth configuration (
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Figure 2 Examples of wideband and narrowband SRS configuration (
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