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This paper discusses the different parameters relevant for sounding reference signals (SRS)
1. Bandwidth

Regarding the bandwidth of the SRS, there are three alternatives:
Alternative #1
There is very little flexibility in the SRS bandwidth, i.e. only a very limited, e.g. four, different SRS bandwidths are defined. What actual bandwidth to use is configured in the UE by means of dedicated RRC signaling [2 bits of signaling on case of four specified SRS bandwidths]

· Alternative #2
Fundamentally there is full flexibility in the SRS bandwidth (any SRS bandwidth corresponding to an even number of resource blocks). However, a cell is configured with only a very limited number of SRS bandwidths, e.g. four SRS bandwidth, the values of which are being broadcast. What actual bandwidth to use is configured in the UE by means of dedicated signaling [2 bits in case of four SRS bandwidths configured in the cell]. 

· Alternative #3
There is full, or almost full, flexibility in the SRS bandwidth. That bandwidth to use is configured on the UE by means of dedicated signaling [e.g. 5 bits allowing for 32 different SRS bandwidth
]

Most companies seem to be of the view that the SRS transmissions should not cover the PUCCH bands and also not the bands used for persistently scheduled PUSCH. Both these bands will obviously have a flexible size. The amount of resources used for persistently-scheduled PUSCH transmission may also vary between subframes. This speaks in favor of a high degree of flexibility in the configuration of the SRS bandwidth in the UE. This we prefer the third alternative above. As a minimum, there should be a possibility to configure to a limited set of SRS bandwidths on a cell level (alternative #2 above). 
2. SRS position within subframe

It is proposed that the SRS symbol is the last DFTS-OFDM symbol within the subframe

3. Puncturing of PUSCH to avoid collision with SRS
When SRS is transmitted in a subframe, other UEs transmitting PUSCH within the same subframe may need to puncture one symbol (the last symbol according to above) of the subframe. In order to know if such puncturing is to be carried out, two alternatives are possible

· Alternative #1
Cell SRS subframes, i.e. subframes in which SRS transmission may take place within the cell and thus subframes in which PUSCH transmission is to be punctured, are defined and broadcast as part of the system information. The broadcast information could be a period measured in subframes. The drawback with this alternative is that puncturing would be carried out even if the SRS transmission does not coincide frequency-wise with the PUSCH transmission.
· Alternative #2
UEs are informed in the uplink scheduling grant if the subframe is an SRS subframe and thus that the UE should puncture the PUSCH transmission. The benefit of this alternative is that puncturing may only be carried out if the PUSCH transmission and the SRS transmission collides frequency wise. The drawback is that persistently-scheduled PUSCH transmission may not be punctured and should thus no coincide with SRS transmissions
Of these two alternatives we are currently leaning towards the second alternative.
4. SRS transmission instances
We believe that the different periods for the SRS transmissions should be multiples of each other. Furthermore, there is no strong reason to match the periods of the SRS transmissions to the frame length (10 subframes). What is necessary is to match the periods of the SRS transmissions to the SFN wrap-around period, this in order to be able to properly define the SRS transmission instants. As the SFN wrap-around period will be 2K×10 subframes for some integer K, it is suitable to assume SRS transmission periods of  2ksubframes. In case of 2 bits of signaling, the values 2, 4, 8, and 32 are proposed. [If extended to 3 bits of signaling, the set of values can be extended to 1, 2, 4, 8, 16, 32, 64, and 128].

In addition to the period, also the offset (in number of subframes) have to be provided to the UE. 

5. SRS duration 

It is proposed that four values [2 bits of signaling] are defined: 1 (one-shot), 4, 16, and infinity (SRS transmission continue until explicitly disabled). The numbers indicate the number of SRS transmissions.
6. Transmission comb

The transmission comb should be signaled [1 bit]

7. Cyclic shift

The cyclic shift should be provided dynamically in the MAC-layer enabling of the SRS, see below

8. SRS configuration and triggering

It is assumed that the basic SRS transmission parameters (SRS bandwidth, SRS period and time offset, SRS duration, and comb) are configured in the UE by means of RRC signaling. The actual start SRS transmission is then triggered by either an explicit MAC message or as a consequence of an uplink scheduling grant.  This triggering should then include the cyclic shift to be used for the SRS transmission, 
� In principle there are up to 55 possible SRS bandwidths (any even number of resource blocks up to 110 resource blocks). With 5 bits of signaling, the granularity would need to be somewhat reduced for the wider bandwidths. 





