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In RAN1 #94bis meeting, the following agreements were achieved for introduction of additional SRS symbols
Agreement
Aperiodic SRS transmission for additional SRS symbol(s) is supported. FFS on periodic SRS transmission for additional SRS symbol(s).
Agreement
The time location of possible additional SRS symbols in one normal UL subframe for a cell is down-selected from following options (down-selection to be made in RAN1#95):
-   Option 1: All symbols in only one slot of one subframe can be used for SRS from cell perspective
-   Option 2: All symbols in one subframe can be used for SRS from cell perspective. 
-   FFS whether cell-specific configuration of SRS resources in slot-level granularity is required or not
Agreement
For a UE configured with additional SRS symbols within one UL subframe, the SRS transmission is down-selected from following options
-   Option 1: Frequency hopping within one UL subframe is supported.
-   Option 2: Repetition within one UL subframe is supported
-   Option 3: Both frequency hopping and repetition within one UL subframe is supported.
-   FFS the maximum number of SRS symbol within one subframe/slot that can be allocated to a UE.
For the next meeting
Companies are encouraged to provide evaluation results and technical details related to the support of antenna switching for additional SRS symbol(s)
This contribution discussed the aspects related to additional SRS symbols. The performance evaluation regarding the support of antenna switching is provided as well.
[bookmark: _Ref129681832]Discussion
On support of periodic SRS for additional SRS symbols
At last meeting, it was agreed to support aperiodic SRS transmission for additional SRS. Support of periodic SRS is FFS. In current LTE networks, periodic SRS is widely used. It is very useful for UEs with light downlink traffic, as eNB is able to obtain the CSI from periodic SRS before a downlink traffic is transmitted. If only aperiodic SRS is supported, then the first several downlink packets cannot take advantage of the UL-DL reciprocity of SRS. As a result, for light downlink UEs, eNB may not be able to utilize the additional SRS symbols. In our view, ‘Enhance SRS capacity’ in the WID at least aims at boosting periodic SRS capacity. Precluding support of periodic SRS would not address the request from practical networks.
The main concern is the overhead and impact on the uplink transmission efficiency, e.g., less uplink resources available for data transmission if periodic SRS is supported. However, this can be avoided by eNB scheduling as the eNB has the flexibility to configure different periodicity of legacy SRS and additional SRS depending on UE’s traffic and channel variation. Therefore, over configuring SRS for a cell can be avoid by eNB implementation.
Based on the above discussion, we do see the necessity to support periodic SRS for additional SRS symbols. Hence we propose
Proposal 1: Support periodic SRS transmission for additional SRS symbols.

SRS configuration granularity of additional SRS
The other issue is whether symbols in only one slot or in entire subframe can be used for SRS transmission for a cell. If Option2, all symbols in a subframe for SRS for a cell, is supported while cell-specific configuration of SRS resources in slot-level granularity is not supported, there would be several issues impacting system performance.
The first issue is UCI feedback on PUCCH. Considering subframe configuration 2 is widely used in TDD networks, it is taken as an example. HARQ-ACKs of downlink subframe 8/6/4/5 are feedback using PUCCH on subframe 2, and HARQ-ACKs of downlink subframe 3/1/0/9 are carried by PUCCH on subframe 7, which is illustrated in Figure 1.
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Figure1: HARQ-ACK feedback for TDD subframe configuration 2
If all symbols in one subframe are configured for SRS, e.g., subframe 2, the UEs who transmit SRS on subframe2 cannot be scheduled to receive PDSCH on subframe 8/6/4/5, otherwise, SRS transmission would be dropped since it collides with HARQ-ACK transmission. Obviously, it would introduce restriction on downlink user scheduling. 
The second issue is the impact on scheduling PUSCH. For instance, subframe 2 is reserved for SRS for a cell. UEs who have UL-SCH transmission have to be scheduled on subframe 7. One drawback of such scheduling restriction is to introduce the delay of UL-SCH transmission. The other drawback is to burden the load of PDCCH since all UL grand have to be carried by PDCCH on subframe 3 in this case. In addition, the retransmission based on PHICH cannot be used for some TDD configurations, because the PUSCH retransmission on SRS subframe will be dropped thus only retransmission scheduled by PDCCH can be used, which further increases PDCCH signaling overhead. All these drawbacks are not preferred from the system performance perspective.  
The third issue is that only support of all symbols in a subframe for SRS limits the flexibility of adjusting SRS resources occupation. In legacy SRS configuration, only the last symbol of a normal subframe can be configured for SRS transmission, which can be used to accommodate light downlink traffic. If all symbols in a subframe are for SRS, then the SRS occupation is either the last symbol or the whole subframe. As a result, the eNB cannot configure the SRS resource smoothly according to the downlink traffic.   
Moreover, we had provided evaluation results to compare SRS occupation in slot level and subframe level [1]. The simulation results show that under the condition of same SRS overhead, slot level SRS has better performance than subframe level SRS allocation for a cell, due to being able to configure shorter period for slot level SRS.
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Figure 2: PUSCH in UpPTS transmission
Based on the above discussion, Option 1 is preferred, i.e., all symbols in only one slot of one subframe can be used for SRS from cell perspective. As well, the cell-specific configuration of SRS resources in slot-level granularity is required. In this way, the PUSCH in UpPTS (in R14 WI uplink capability enhancement) can be re-used for the other slot. The PUSCH in UpPTS transmission is illustrated in Figure 2, where the PUSCH rate match around the DwPTS and GP.
Proposal 2: Support the configuration of all symbols in only one slot of a subframe used for SRS from a cell perspective. The cell-specific configuration of SRS resources in slot-level granularity is required to enable PUCCH/PUSCH rate matching around additional SRS.

On coverage enhancement for additional SRS
There are three options for coverage enhancements from last meeting, i.e.,
-   Option 1: Frequency hopping within one UL subframe is supported.
-   Option 2: Repetition within one UL subframe is supported
-   Option 3: Both frequency hopping and repetition within one UL subframe is supported.
The SRS coverage enhancement is motivated by the current LTE networks, where the channel quality of SRS is not sufficient for some cases, e.g., in cell edge. We notice with Option 1 the coverage of SRS is actually the same to legacy SRS configuration if same frequency hopping band is supported for new SRS. The coverage of Option 2 would be similar to some configurations of SRS frequency hopping (Option 1) from the analysis and simulation in [2]. Therefore, Option1 and Option 2 cannot quite improve SRS coverage. To fulfill the objectives of the WID, Option3 is preferred, i.e., both frequency hopping and repetition within one UL slot is supported.
Based the above discussion, we have 
Proposal 3: Support both frequency hopping and repetition within one UL slot.

On support of SRS antenna switching for additional SRS symbols
SRS antenna switching is an important feature to enable eNB to acquire full channel state information when UE has less Tx chain than Rx chain. The performance gain of SRS antenna switching had already been justified in previous LTE release. We compared the performance between support and not support of SRS antenna switching by evaluation. The baseline is legacy SRS transmission, where UE transmits SRS on one UL symbol every 5 ms. UE is assumed to support frequency hopping and 1T2R antenna switching. As the comparison, up to 4 OFDM symbols in a subframe are allocated for a UE, and transmission period of SRS is 5ms as well. The detailed simulation parameters are provided in the Appendix. The performance comparison for support and not support of antenna switching is illustrated in Figure 3.
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Figure 3: Performance comparison between support and not support of antenna switching for additional SRS symbols
From the simulation results, we observe that if antenna switching for additional SRS is not supported, there are even about 20%~30% performance loss on average UPT and 10%~20% performance loss on cell edge UPT, compared with legacy SRS with antenna switching. If antenna switching is supported, there are about 18%~25% performance gain on average UPT and 36%~47% performance gain on cell edge UPT over legacy SRS. It is clear that antenna switching should be supported for additional SRS symbols. 
Observation 1: Additional SRS symbols with antenna switching can provide significant performance gain.
Proposal 4: Support antenna switching when additional SRS symbols are allocated for the same UE.
From the implementation perspective, antenna switching may need some time for hardware preparation, i.e., switching off the PA to source antenna and power ramping to target antenna. In LTE, this time interval was not explicitly defined and left for UE implementation. It is because allocating adjacent UL symbols to one UE only happens for some special SRS configurations, e.g., two adjacent symbols in UpPTS are allocated to the same UE. Via properly eNB scheduling, the impact of lacking preparation time for antenna switching is negligible. 
However, when continuous UL symbols are allocated for SRS transmission for a UE, the hardware preparation time should be considered. The same thing happens during discussion on SRS antenna switching in NR Rel-15. The LS Reply from RAN4 [3, R4-1710048] indicate that antenna switching time is 15 usec. Therefore, NR specification defines the minimum guard period for antenna switching, i.e., 1 symbols for 15/30/60 KHz subcarrier spacing. We propose to introduce the similar mechanism as NR to guarantee the affectivity of SRS antenna switching when adjacent several UL symbols are allocated for the same UE. 
Proposal 5: Introduce the guard period for antenna switching when additional SRS symbols are allocated for the same UE.

Conclusions
In this contribution, we mainly discusses the aspects related to additional SRS symbols. We have the following observation and proposals:
Observation 1: Additional SRS symbols with antenna switching can provide significant performance gain.

Proposal 1: Support periodic SRS transmission for additional SRS symbols.
Proposal 2: Support the configuration of all symbols in only one slot of a subframe used for SRS from a cell perspective. The cell-specific configuration of SRS resources in slot-level granularity is required to enable PUCCH/PUSCH rate matching around additional SRS.
Proposal 3: Support both frequency hopping and repetition within one UL slot.
Proposal 4: Support antenna switching when additional SRS symbols are allocated for the same UE.
[bookmark: _GoBack]Proposal 5: Introduce the guard period for antenna switching when additional SRS symbols are allocated for the same UE.
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Appendix

Simulation parameters for system level simulation
	Parameters
	Values

	Duplex mode 
	TDD

	Carrier frequency 
	3.5GHz

	Simulation bandwidth
	10MHz

	Channel model
	3GPP UMa; 3GPP UMi

	BS Tx power 
	46dBm; 41dBm

	BS antenna configuration
	(M, N, P, Mg, Ng) = (8, 4, 2, 1, 1); (dH,dV) = (0.8, 0.5)λ

	BS TXRU mapping
	(MTXRU, NTXRU, P, Mg, Ng) = (4, 4, 2, 1, 1)

	UE antenna configurations 
	2Rx, Cross-polarized with 0, 90deg

	UE antenna height
	Follow TR36.873

	UE antenna gain
	Follow TR36.873

	UE receiver noise figure
	7 dB

	Traffic model
	Non-Full buffer, FTP model 1, 500KB packet size

	UE distribution
	80% Indoor
20% Outdoor

	Scheduler
	PF

	HARQ scheme
	CC with up to 3 retransmissions

	UE receiver type
	MMSE-IRC

	SRS configurations
	Frequency hopping with 12-RB subband;
Case1: one symbols in a subframe for SRS, 5ms period, 1T2R antenna switching;
Case2: all symbols in a slot for SRS, 5ms period
Case3: all symbols in a slot for SRS, 5ms period, 1T2R antenna switching;

	Channel estimation
	Realistic

	MIMO mode
	MU-MIMO with rank adaptation
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