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1. Introduction

In Kansas RAN1#53, RAN1 agreed on Sounding Reference Signal (SRS) bandwidth configuration for various system bandwidth ranges [1]. In this contribution, based on the agreed UpPTS usage in [2], we further discuss the possibility to use a full bandwidth SRS for UpPTS. 
2. Full bandwidth SRS in UpPTS
Uplink sounding is considered to be very useful for DL scheduling especially with channel reciprocity in TDD. As agreed in [1], the minimum SRS Bandwidth value is 4 RBs and all SRS bandwidths are multiples of 4RBs. The SRS BWs are summarized in tables 5.5.3.2-1 to 5.5.3.2-4 [3]. These assumptions help to limit the signaling requirement, but may lead to missing out some edge RBs due to less flexibility. For example for system BW of 81-110, the possible SRS BW is 4, 8, 12, 16, 20, 24, 32, 40, 48, 60, 64, 72, 80, and 96 RBs. The maximum number of unsounded RBs is 15 e.g. considering an SRS BW of 80 RBs and a system BW of 95 RBs. This may not be a big issue in less frequency selective channels, but will be a problem in very frequency selective channels. The downlink scheduler also cannot simply assign the edge RBs for DVRB (on the downlink), as mirroring is not used for DVRB operation. 
In [2], the duration and usage of UpPTS was agreed. If the UpPTS is with a length of 1 OFDM symbol, it is used for sounding reference signals only. If the UpPTS is with a length of 2 OFDM symbols, it is used for short random access and/or SRS. The short random access, if present, may occupy from 1 to up to 6 groups of 6 RBs each, from the top or bottom of the band in alternating UpPTS [4]. Since there is no PUCCH or data in UpPTS, problems when SRS is transmitted in ordinary uplink subframes will not be present. It is therefore considered to be more beneficial for TDD to allocate SRSs in UpPTS than in ordinary uplink subframes [1]. Any unsounded RBs can not be used easily for another purpose. 
3. Discussion

While there may be some benefits for full bandwidth sounding for UpPTS, the impact of deviating from current operation must be carefully considered. A most important consideration is that the sounding sequences should still be based on the existing UL DM RS sequences, so that new sequences do not need to be generated and specified. 

Option 1: No change to specification – don’t support full bandwidth SRS for UpPTS. Full bandwidth SRS must be selected from current tables, even if it results in up to 15 unsounded RBs in some cases.

Option 2: No change to sounding bandwidth tables, place center of sounding bandwidth at different location in alternate sounding (UpPTS) subframes. Rather than have some edge RBs that are never sounded, every RB can be sounded at least every other sounding subframe. The center of sounding can also take into account presence of short RACH. A drawback of this option is that depending on the sounding period for a UE, the UE might always sound the same RBs and miss some RBs.  Of course, we can further design this option with the sounding period assignment to UEs if there not much extra complexity.
Option 3: Keep the existing sounding BW tables, but override the largest entry (only) if the sounding is in UpPTS. The override value, 
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, is the largest SRS value (excluding short RACH BW) in RBs that is both even and a multiple of 2,3,5 in order to reuse the UL DM RS, i.e.
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where 
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is the number of RBs in the system bandwidth and 
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 is a set of non-negative integers, 
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. Thus, the override value, 
[image: image7.wmf]SRS

max

RB,

N

, could end up being a multiple of 2 RBs rather than 4RBs as previously agreed, in order to reduce the number of unsounded RBs. As in option 2, the largest SRS BW may not be symmetrical in the system bandwidth and the center of the sounding bandwidth can be placed at different locations depending on the total short RACH bandwidth. To minimize specification impact, all smaller tree SRS BW entries are unchanged. Hopping of SRS is also unchanged (can sound full BW with largest SRS value but not hop to sound full BW).
Option 4: Define new sounding bandwidth tables (trees) for the specification for UpPTS. This may require significant new work and additional tables in the specification. Also, would likely deviate from the current tables in that to minimize the number of unsounded RBs a table may need to be defined for many more ranges of system BWs. The possible RACH overheads would also need to be considered. 

Option 5: Replace the current tables with equations similar to [6][7] that generate an appropriate tree for all configurations and reduce the number of options. 
The top level or the maximum SRS BW in the tree can take into account any PUCCH or short RACH overheads that are present in the sounding symbol, i.e
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On the UpPTS, 
[image: image9.wmf]RA

6

N

N

over

RB

×

=

 while on the UL subframes, 
[image: image10.wmf]PUCCH

RB

N

N

over

RB

=

 the number of RB pairs configured for PUCCH transmissions (known information from BCH). The other tree-based SRS BWs are 
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 and 4RBs. Note that while the current table is very close to following the equation, it does not. 
Of these options, option 4 is clearly not preferred. Options 1, 2, and 3 have the smallest impact to the current specification. Option 5 could possibly simplify the specification, but some desired values may not be available.

4. Conclusion 

In this contribution, we discussed possible options for full bandwidth SRS support in UpPTS. With the current sounding structure up to 15 RBs may not be sounded (option 1). Option 2 and Option 3 provide ways to sound most (or all) RBs in UpPTS without significant specification impact. Option 5 can be considered if specification simplification is desired.
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