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1 Introduction

In RAN1 #86bis, techniques for VoLTE enhancements in FeMTC for BL/CE UE were considered, and SRS coverage enhancement was agreed as one of techniques for VoLTE enhancement [1]. 
Agreement:
· RAN1 design will assume delay budget relaxation for UL voice packets 

· Prioritize consideration of the following in VoLTE enhancements in FeMTC for BL/CE UE considering overall system impacts:

· New number(s) of repetitions for PUSCH

· Adjusted scheduling relationships between physical channels

· SRS coverage enhancement

· Discontinuous PUSCH transmission

Further, in RAN1 #86bis meeting, in the SRS carrier based switching WI, it was agreed that more than 2 UpPTS symbols in the same subframe for the same UE can be configured for SRS transmission [1].

Agreement:

· SRS

· Through RRC configuration, allow SRS transmissions on more than 2 UpPTS symbols in the same subframe for the same UE, for A-SRS and P-SRS

· On the same CC or multiple CCs

· Allow more than one SRS configurations for the subframe, for A-SRS and P-SRS

· Reuse existing SRS configurations (1 or 2 UpPTS symbols per SRS configuration)

In this contribution, on top of the above agreements, we provide our considerations on SRS enhancement to reduce the number of DL repetitions needed in TDD, especially for VoLTE.
2 DL performance improvement from SRS enhancement
Use of SRS for beamforming helps to exploit the channel reciprocity of a TDD system, and there can be significant gains from TDD beamforming due to a typical deployment having 8 transmission antennas at the eNB side. Therefore, we firstly focus on the SRS enhancement for TDD.
For SRS transmission, the minimum SRS bandwidth is 4PRBs, and a comb structure is applied. Assuming a BL UE transmits SRS within 4PRBs, the actual occupied REs of SRS transmission is equivalent to transmitting SRS fully on the SC-FDMA symbols within two PRBs. In this case, the SNR of SRS can be approximated by the SNR of PUSCH transmission. Therefore, we explore a range of SRS SNR centered on -16 dB, ± 4 dB.
However, for UE’s SRS transmission only occupies 4 PRBs, the delay of channel measurement may be larger, and the accuracy of channel measurement maydeteriorate due to the time variation of the radio channel. If UE’s SRS transmission occupies larger bandwidth, the delay of channel measurement can be reduced, but this will come with the cost of reduced SRS SNR. 
The figure below illustrates the performance of DL PDSCH BLER performance when the SNR of SRS is improved. The simulation assumptions are provided in the annex.
As seen from the Figure 1 below, when the SNR of SRS is improved from -20dB to -12 dB, about 3dB PDSCH MCL improvement is achieved, which corresponds to at least a 50% reduction in the number of PDSCH repetitions needed.

Figure 1: PDSCH performance
Therefore, improving SRS detection performance is very beneficial to reduce PDSCH repetition number, which can significantly optimize the efficiency of resource utilization and save UE’s power consumption of PDSCH detection.
3 Existing SRS transmission

In current specification, SRS can be transmitted in the last SC-FDMA symbol of normal subframes or transmitted in one or more SC-FDMA symbols of special subframes. There may be multiple SC-FDMA symbols configured in UpPTS to transmit SRS. As shown in the Table 1, two or four additional symbols in UpPTS can be configured for SRS transmission. 
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Table 2: UE Specific SRS Periodicity [image: image4.wmf]SRS
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	0, 4
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	ISRS – 10
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	10
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	25 – 44
	20
	ISRS – 25
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	40
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	85 – 164
	80
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	160
	ISRS – 165

	325 – 644
	320
	ISRS – 325

	645 – 1023
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From the network side, at most 6 symbols can be provided in one special subframe for SRS transmission. However, from UE point of view, according to Table 2 above, maximum two SRS subframe offsets can be configured to the same UE. Thus, at most 2 symbols in one special subframe can be used by the UE to transmit SRS.

4 SRS enhancement

According the agreement [1], through RRC configuration, SRS can be transmitted on more than 2 UpPTS symbols in the same subframe for the same UE. More than one SRS configurations can be configured for the subframe to support more (larger than 2) UpPTS symbols of SRS transmission. Moreover, the eNB should reuse existing SRS configurations (1 or 2 UpPTS symbols per SRS configuration). Thus, maximum 6 UpPTS symbols in the same subframe for the same UE can be configured.
Since maximum 6 SC-FDMA symbols within one special subframe can be supported for SRS transmission by one eNB, we propose one CE UE can use all the 6 SC-FDMA symbols to transmit SRS.  This should be combined with SRS frequency hopping for CE UEs to improve the SRS performance and acquire the accurate measurement information of wideband channel. 
Moreover, for FeMTC UEs, there is no extra specification impact on supporting 6 UpPTS symbols of SRS transmission in view of the previous agreements in the SRS carrier based switching WI to support maximum 6 UpPTS symbols of SRS transmission.

For aperiodic SRS transmission, higher layers can configure multiple SRS configuration indices, and the field of SRS request in the DCI can trigger the aperiodic SRS transmission from the same UE according to all the configurations together, on at most 6 UpPTS symbols with one special subframe. As a result, there is no impact on the existing DCI format 6 to support aperiodic SRS transmission on more than two UpPTS symbols within one special subframe.
Therefore, to support VoLTE enhancement and obtain the general benefits to data rate of reducing the number of DL repetitions, we propose SRS can be transmitted on at most 6 UpPTS symbols in the same subframe by an FeMTC UE, and regardless of the maximum bandwidth it supports.

Proposal 1: Type 0 SRS can be transmitted on at most 6 UpPTS symbols in the same subframe by one FeMTC UE.
Proposal 2: Type 1 SRS can be transmitted on at most 6 UpPTS symbols in the same subframe by one FeMTC UE.
Proposal 3: Re-use the method from the SRS switching item of configuring more than one SRS configuration, all triggered in the same subframe by DCI.
5 Conclusion

In this contribution, we provide our considerations on SRS enhancement to support higher data rate, including simulation results to show its benefits to improved PDSCH BLER, and thus in reduced numbers of DL repetitions. This leads to the following proposals:

Proposal 1: Type 0 SRS can be transmitted on at most 6 UpPTS symbols in the same subframe by one FeMTC UE.
Proposal 2: Type 1 SRS can be transmitted on at most 6 UpPTS symbols in the same subframe for the same FeMTC UE.
Proposal 3: Re-use the method from the SRS switching item of configuring more than one SRS configuration, all triggered in the same subframe by DCI.
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Appendix
Table 1: Simulation Parameters

	Parameters
	Assumption

	System Bandwidth
	20MHz

	RB number for PDSCH
	12

	MCS for PDSCH
	0

	SRS bandwidth configuration
	0

	SRS-Bandwidth
	2

	srs-SubframeConfig
	1

	SRS Configuration Index
	11

	Bhop
	0

	UL-DL Config
	2

	Channel Model
	ETU 5 Hz

	CP length
	Normal

	Layer Num
	1

	TM
	TM9

	eNB Tx Num
	8

	UE   Rx Num
	2


