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Introduction
For E-UTRA TDD mode we have statically reserved resources for SRS transmission in the uplink part of the special sub frame (UpPTS) [1]. In this paper we propose the Cell SRS transmission configuration scheme for TDD mode which is designed to take advantage of this. 
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SRS transmission for TDD
For TDD mode the uplink part of the special sub frame (UpPTS) is dedicated for transmission of SRS and/or RACH preamble format 4. Confining SRS transmission to UpPTS we can avoid complex handling of simultaneous transmission with PUCCH A/N, PUCCH CQI, SRI and/or PUSCH. This is a special benefit in TDD deserved to take the advantage from.
To specify where SRS transmission is possible we use the concept of cell specific sounding period. This parameter constrains the UE specific sounding period to be an integer multiple of the cell specific sounding period. For FDD it is proposed to support 1, 2, 5, 10, 20, 40 ms cell specific sounding period in email reflector discussion. For TDD mode we now examine how we could support such sounding periods taking the TDD specifics into account. Starting with the easy cases: 

· UpPTS every 5 ms: To support cell specific sounding periods of 5 ms and integer multiples there of, we can allocate SRS transmission in UpPTS without any loss.

· UpPTS every 10 ms: To support cell specific sounding periods of 10 ms and integer multiples there of, we can allocate SRS transmission in UpPTS without any loss.

The special case where UpPTS is available every 10 ms and cell specific period of 5 ms is chosen is less obvious. For the case with UpPTS length 2 we can interpret this as having 2 sounding opportunities every 10 ms. The other special case where UpPTS is available every 5 ms but cell specific sounding period is 2 can be interpreted in similar manner.

For the cases where shorter cell specific sounding period is needed we simply assume that sounding is possible in UpPTS and all ordinary subframes.
With this proposal we avoid in most cases to have SRS transmission in subframes that can carry data. This has the following benefits:

· Improved time efficiency and UL performance for all uplink channels, e.g. up to 7% higher efficiency for PUSCH, and UE can always send data and various UL control channel in entire subframe without breaking single carrier property as SRS region is confined to UpPTS.

· SRS transmit power can be set freely or at least with higher freedom as it is not multiplexed with data inside one sub frame.

· Control bits in UL grant for indicating data transmission in SRS region can be reinterpreted for other purpose.
· Reduced complexity.

Whether or not the option with maximal sounding capacity is needed can be discussed. With UpPTS SRS transmission only, we still have similar max sounding resource allocation as for FDD (for 2 DL/3UL a little less, for 3DL/2UL the same) when counting SRS symbols per total UL symbols.

Examining the need for different cell specific periods we note that as UpPTS sounding resources are always reserved so there is no need to have a lot of options for periods. With longer periods we do not free up resources for data transmission as in FDD mode.

One possible use of longer cell periods is to combine those with a cell specific offset to introduce reuse factor less than one to reduce interference on SRS transmissions. As an example let us take the case of UpPTS length 1 and UpPTS period 5ms (e.g. 3DL/2UL). Here we could use cell SRS period of 20 ms and then offset SRS transmission between four sectors. In that way only one sector out of four will transmit sounding in a certain instance of UpPTS.
Another issue that needs mentioning is the possibility of configuring short RACH in UpPTS. In case of very narrow system bandwidth such as 1.4 MHz there is very little or no space left for sounding after RACH. One way to handle this could be to time multiplex RACH and sounding, and properly select the cell specific offset for SRS when short RACH is configured.
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Signaling scheme
In this section we show how cell specific SRS transmission period could be signalled to the UE, taking into account the particularities of TDD mode. The idea is that we should reuse information that is already available in the UE related to UL/DL patter and UpPTS length in order to determine where SRS is transmitted in the cell.

We show the proposed configurations in Table 1 (UpPTS length 1) and Table 2 (UpPTS length 2). A few remarks to the tables:

· For UpPTS length of 2 we assume that UE transmits SRS in both symbols. This minimizes transmitter activity.
· Cell specific SRS period of 1ms indicates sounding in UpPTS and all ordinary UL sub frames.

· For all UpPTS lengths and periods we support SRS reuse ¼.

· To limit complexity a few special configurations are not supported, see Table 3. Either full sounding or slightly less SRS density configuration can be used instead.
From the table we can see that introducing a 3 bit Cell SRS configuration indicator we can handle all configurations by reusing UL/DL pattern and UpPTS length already available in the UE.
	Configuration ID
	SRS Configuration indicator
	UpPTS period (ms)
	Cell SRS period (ms)
	Offset

	0
	0
	5
	1
	0

	1
	1
	5
	5
	0

	2
	2
	5
	10
	0

	3
	3
	5
	10
	1

	4
	4
	5
	20
	0

	5
	5
	5
	20
	1

	6
	6
	5
	20
	2

	7
	7
	5
	20
	3

	8
	0
	10
	1
	0

	9
	1
	10
	10
	0

	10
	2
	10
	20
	0

	11
	3
	10
	20
	1

	12
	4
	10
	40
	0

	13
	5
	10
	40
	1

	14
	6
	10
	40
	2

	15
	7
	10
	40
	3


Table 1 Signalling the subframe for SRS transmission (UpPTS length 1).

	Configuration ID
	SRS Configuration indicator
	UpPTS period (ms)
	Cell SRS period (ms)
	Offset (SRS_symbol)

	16
	0
	5
	1
	0

	17
	1
	5
	2
	0

	18
	2
	5
	5
	0

	19
	3
	5
	5
	1

	20
	4
	5
	10
	0

	21
	5
	5
	10
	1

	22
	6
	5
	10
	2

	23
	7
	5
	10
	3

	24
	0
	10
	1
	0

	25
	1
	10
	5
	0

	26
	2
	10
	10
	0

	27
	3
	10
	10
	1

	28
	4
	10
	20
	0

	29
	5
	10
	20
	1

	30
	6
	10
	20
	2

	31
	7
	10
	20
	3


Table 2 Signalling the subframe for SRS transmission (UpPTS length 2).

	UpPTS length
	UpPTS period (ms)
	Cell SRS period (ms)

	1
	5
	2

	1
	10
	2

	1
	10
	5

	2
	10
	2


Table 3 Configurations not supported. 
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Conclusion

In this contribution we discuss the Cell SRS transmission configuration for E-UTRA TDD mode. We propose a scheme for cell specific sounding transmission that optimizes the SRS overhead by using statically reserved SRS resources in UpPTS as much as possible. Whether SRS transmission should always be confined to UpPTS is worth for consideration to take the full benefit of UpPTS design in E-UTRA TDD..

The solution supports reuse ¼ of UpPTS resources in between different sectors.

The proposed signalling scheme introduces a 3 bit cell specific SRS configuration indicator for broadcasting in the cell which combined with information already present in the UE fully specifies the possibilities for SRS transmission in the cell.

Finally it is proposed that data transmission in SRS region of ordinary sub frames is coupled to the cell SRS configuration. If the cell specific SRS configuration allows sounding in ordinary subframes (i.e. cell SRS period of 1ms), UE can assume that SRS region in ordinary subframes can not be used for data, and vice versa if the cell specific SRS configuration confines sounding only in UpPTS (i.e. all cell SRS period than 1ms), UE can assume it can always use the SRS region in ordinary subframes for data..
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