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1. Introduction

In RAN1#94 meeting, we have following agreements:
Conclusion
At least for low downlink SINR region, the support of additional SRS symbols per UE in normal subframes can bring gain for downlink performance.
· The above observation is for full reciprocity based evaluation results

Agreement
Aperiodic SRS transmission for additional SRS symbol(s) is supported. FFS on periodic SRS transmission for additional SRS symbol(s).

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)


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.

In this contribution, we further discuss Rel-16 additional SRS symbols from following perspectives:
· SRS configuration
· Backward compatibility
· Time location of additional SRS symbols
· Periodic/Aperiodic SRS
· SRS repetition 
· SRS frequency hopping
· SRS antenna switching
· SRS power control
· RF impact and UE complexity
· Collision with PUSCH/PUCCH
· Link-level simulation results
2. [bookmark: _Hlk510734164]SRS configuration
[bookmark: _Hlk510734227]2.1 Backward compatibility
The newly introduced SRS resources and parameters for Rel-16 UEs have to consider how to keep backward compatibility with legacy SRS, i.e., reduce impact on legacy UEs. One simple way is to configure two SRS resource sets. For example, one SRS resource set is configured same as legacy SRS and another SRS resource set is configured with more flexibility (e.g. with more SRS symbol in a subframe). 
One of the two SRS resource sets, can be configured to mimic legacy SRS, i.e. may use same time location of last symbol per normal subframe and in addition the SRS symbols in an UpPTS subframe. The sequence ID could be configured as cell ID. Such SRS resource set is backward compatible with legacy SRS configurations and easy to be multiplexed with legacy UEs.
The other SRS resource set may include the additional SRS symbols in a normal subframe. The resources could be more flexible to multiplex new UEs and enable new UE behaviour. Also, the sequence ID could use configured virtual cell ID in a UE specific way with more details in [1]. Whether an SRS resource set can include both legacy and new SRS symbols is FFS. But it may be useful to have more SRS symbols as a set together to support fast intra-cell SRS antenna switching and/or frequency hopping.
Proposal 1: The additional and legacy SRS symbols can be separately configured to a UE.
· FFS whether to configure the additional and legacy SRS symbols together

2.2 Time location of additional SRS symbols
The agreements in last meeting are 
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
The feature of additional SRS symbols is mainly used for DL throughput improvement. The TDD DL/UL configuration with more DL subframes than UL ones may be configured to transmit more DL packets. Besides SRS transmission, the limited UL resources have to be used to prepare UL data, UL control information (UCI) and PRACH. The UL data and UCI, especially in case of HARQ ACK/NACK for scheduled DL PDSCH, have tight timeline requirement. 
Compared with Opt1, Opt2 always using a whole subframe for SRS transmission may have negative impact on the other UL data. The location of SRS additional symbols could be in the second slot containing last symbol for legacy SRS, or in the beginning of the first slot if there are back to back two UL subframes and SRS is transmitted in a consecutive time period for legacy and additional SRS symbols. 
Proposal 2: Support all symbols at least in one slot for possible time location of SRS symbols from cell perspective.

2.3 Periodic/Aperiodic SRS
Agreement
Aperiodic SRS transmission for additional SRS symbol(s) is supported. FFS on periodic SRS transmission for additional SRS symbol(s).

LTE supports only periodic SRS antenna switching (e.g., 1T2R, 1T4R, 2T4R) in TDD band. Periodic SRS antenna switching by using more than legacy SRS symbol is beneficial to have fast SRS antenna switching. Since we have prioritized aperiodic SRS for additional SRS symbols, we should enable aperiodic SRS antenna switching in Rel-16 LTE. Intra-subframe SRS antenna switching is beneficial to achieve higher DL throughput for UEs in good coverage, who has limited Tx port for power saving. More evaluation results are given in Sect. 5.


Proposal 3: Support aperiodic SRS antenna switching on additional SRS symbols.
Proposal 4: Support periodic SRS transmission on additional SRS symbols.

2.4 SRS antenna switching
Enabling intra-subframe SRS antenna switching by using more than one SRS symbol can achieve fast sounding of all antennas. However, one issue of this approach is coexistence with legacy SRS: for an edge UE with power limitation and antenna port limitation, the legacy SRS frequency hopping and antenna switching may be enabled concurrently in each SRS instance. Thus, if a new UE with more than one SRS symbol and a legacy UE with only one SRS symbol are sharing the last SRS symbol in a UL normal subframe, the different number of SRS hopping opportunity would result in subband overlapping among both UEs. As shown in Figure 1, the SRS antenna switching/frequency hopping is configured in different manner when considering the legacy SRS:
· Alt1: Antenna switching/subband hopping concurrently, e.g., if TDM with legacy SRS 
· Alt2: Intra-subframe antenna switching on same subband, if FDM with legacy SRS in the last SRS symbol
· Compatible with legacy UE SRS per subframe
[image: ]
Figure 1 SRS antenna switching/frequency hopping
Proposal 5: Support intra-subframe SRS antenna switching for a normal subframe configured with additional SRS symbols.
- Study techniques to enable coexistence with legacy SRS transmissions.

2.5 SRS repetition 
A main objective of introducing additional symbols for SRS transmission in a normal subframe is to increase link budget for power-limited UEs (i.e., give more opportunities to UEs to transmit SRS). Additionally, introducing additional SRS symbols may increase capacity in general (i.e., allow more UEs to transmit SRS, or more antennas from same UE). One straightforward way of extending link budget is by the use of intra-subframe SRS repetitions (e.g., repeating transmission of an SRS symbol). However, pure repetitions may sacrifice capacity due to incurring in additional overhead without increasing the multiplexing capability. 

If intra-subframe SRS repetitions use the whole bandwidth of sounding, then capacity is decreased (and resources wasted). One option to increase capacity is by the use of orthogonal cover codes (OCC) over the repeated symbols (e.g. [+ +, + -] OCC over SRS repeated symbols), but if one of the symbols is lost (e.g. due to dropping/collision) then it is impossible to demultiplex each UE’s SRS at the base station. If SRS symbol repetitions are enabled, we use SRS comb to multiplex more than one UE in the frequency domain, the following alternatives, illustrated in Figure 2(a), can be considered: 
· Alt1: Repeat SRS symbol (R=2 or 4) with same comb/comb offset/CS/subband/port
· Alt2: Repeat SRS symbol (R=2 or 4) with comb offset in SRS symbols 
· Note that Alt2 can be used to improve the channel estimation. Also, it can be used to increase capacity (e.g. similar effect as OCC), with the advantage that if one of the SRS symbols is dropped, the other UE in the same “comb offset” group can be still recovered. 
· For example, for a baseline use case of comb=2, we can have repetitions with comb=4 and comb offset of 2, so that the eNB can coherently combine both SRS symbols and estimate a delay spread equivalent to that of a comb=2, while increasing the multiplexing capability by a factor of 2 with respect to pure repetition.
For an edge UE with power limitation, SRS frequency hopping is used to focus the UE tx power on a subband and transmit SRS in different frequency locations in different SRS transmit instances/opportunities. If the repetitions use narrowband transmission and frequency hopping, the UE may not be able to transmit the SRS over the entire SRS bandwidth within a limited time span. As shown in Figure 2(b), we could use SRS larger comb over doubled bandwidth so as to achieve sounding faster of the whole system bandwidth:
· Alt1: 2xsubband bandwidth and comb4 in 2 SRS symbols with no comb offset
· Alt2: 2xsubband bandwidth and comb4 in 2 SRS symbols with 2-subcarrier comb offset per SRS symbol
[image: ]
(a) SRS repetition on same bandwidth
[image: ]
(b) SRS repetition on wider bandwidth
Figure 2 SRS repetition
Proposal 6: Support intra-subframe SRS repetition with flexible configuration for capacity enhancement.

2.6 SRS frequency hopping
For a cell-edge UE, the limited tx power spread over wideband SRS has poor UL SINR. Even by using additional symbols for SRS repetition within a slot, the improved UL SINR may not be enough to get accurate channel estimation if the number of SRS symbols are not sufficient. Alternatively, we could use frequency hopping by choosing a subband at one SRS instance to boost the UL SINR. In this way, at least the subband SRS can be used for scheduling the following DL transmission. It is more flexible configuration to increase link budget for power-limited UEs in case of different number of additional SRS symbols. 

Proposal 7: Support intra-subframe SRS frequency hopping.

2.7 SRS power control
For legacy SRS, the open-loop/closed-loop power control parameters are shared with PUSCH. If additional SRS symbols are configured for DL CSI acquisition, we may apply different power control parameters for additional SRS symbols and legacy SRS symbols. For instance, the open-loop power control may use different target SINR based on a reported DL measurement and closed-loop power control parameters could be configured or adjusted different from those of PUSCH.
Proposal 8: Consider flexible power control (i.e., different open loop/close loop parameters) at least for additional SRS symbols.

3. RF Impact and UE complexity
In Section 2, we explored the usage of additional SRS symbols to enable fast sounding of all the channel dimensions (frequency, space). However, SRS antenna switching, subband hopping, and/or power control may generate power change within a subframe, which may create the following problems:
1) Part of the SRS symbol may be lost due to the power change, due to the on/off time mask as defined in TS 36.101 – thus affecting the link budget.
2) Phase continuity between different symbols may be broken – thus affecting the capacity of the eNB to coherently combine multiple SRS symbols.
3) Some UEs may have hardware limitations in the number of power changes in a given subframe (as agreed by RAN1 to introduce the related UE capability based on issue 2 discussed in [2]).
In general, it is desirable to minimize as much as possible the number of power changes within a subframe – or make it depend on UE capability. Some techniques as those outlined in the previous section (e.g. comb offset vs hopping) can be introduced to reduce the number of power changes while keeping multiplexing capability intact. 
Proposal 9: Further consider SRS configurations based reducing the number of power changes in a subframe.

4. Collision with PUSCH/PUCCH
When more than one SRS is being transmitted by a UE in a subframe, we need to consider whether and how to allow other UL channels to be transmitted in same subframe. As discussed for time location of additional SRS symbols, the limited UL resources have to be shared by PUSCH, PUCCH, SRS, and PRACH. When SRS subframes collide with the PUSCH/PUCCH with timeline requirement, it is necessary to consider rate matching of PUSCH/PUCCH with maintained performance.
For PUSCH/PUCCH rate matching around legacy SRS, information about the set of cell-specific SRS subframes as well as the SRS bandwidth is provided as part of SI. For PUSCH rate matching, in addition, we also have UE-specific aperiodic SRS subframes, which are selected as a subset of cell-specific SRS subframes. Legacy UEs avoid PUSCH transmission in last symbol if SRS is transmitted in the same UL normal subframe, or if SRS is not transmitted but PUSCH is partially or fully overlapped with the configured SRS bandwidth in cell-specific SRS subframes, or if SRS is not transmitted but PUSCH is in UE-specific A-SRS subframes. For PUCCH rate matching, PUCCH format 1/1a/1b/3 will all rate match around last SRS symbol (i.e., use shortened format) in cell-specific SRS subframes, not matter whether SRS is sent or not. For PUCCH format 4/5, the UE does not need to do rate matching only if SRS is not sent, and PUCCH format 4/5 is not overlapped with SRS BW. 
When more than one SRS symbol is configured in a UL normal subframe, following the legacy approach would result in resource wastage – note that legacy rate matching would create a loss of 1/14 of the symbols, but with new repetitions this value may be greatly increased to e.g. 7/14 symbols. 
Proposal 10: Consider how to do rate matching/shortening in a normal uplink subframe containing self and/or intra-cell SRS using more than one symbol in a normal uplink subframe.

For cell-specific SRS configuration, there may two alternatives for flexible PUSCH/PUCCH rate matching:
· Alt1: SRS symbols with common subframe/periodicity/bandwidth configuration
· Alt2: SRS symbols with different subframe/periodicity/bandwidth configuration
· E.g., SRS configuration of Last symbol and that of other additional SRS symbols have different SRS subframe/periodicity/bandwidth.
· The additional SRS symbols is configured with smaller SRS BW (hopping over entire system bandwidth periodically) and/or larger periodicity than last SRS symbol, which can increase the spectrum utilization on the resources outside SRS BW on those symbols for intra-cell legacy/new UEs.
[image: ]
Figure 3 Flexible SRS resource configuration
In case of A-SRS on additional SRS symbols, it is necessary to further consider other parameters for flexible PUSCH/PUCCH rate matching.
Proposal 11: Consider flexible SRS configurations for PUSCH/PUCCH rate matching.
5. Link-level simulation results 
We have compared DL throughput using SVD precoding based on SRS channel estimation by link-level simulation. The evaluation assumptions are given in Appendix. Wideband SRS over 48RBs is applied for all SRS symbols. Assuming 1T/2R at UE side, we compare following SRS transmission schemes in Figure 4 and Figure 5 for v=3km/h and v=30km/h, respectively. There is no further averaging across inter-subframe SRS.

· SRS 1-symbol no rep/AS: Tx_AP0 every 5ms with no repetition/AS. Labelled with black color
· RI=1 based on SRS on Tx_AP0 only is updated every 5ms
 [image: ]
· SRS 2-symbol rep no AS: Tx_AP0 on 2-symbol SRS every 5ms with repetition but no AS. Labelled with blue color.
· RI=1 based on SRS on Tx_AP0 only is updated every 5ms
[image: ]
· SRS 1-symbol inter-subframe AS: AP0 in first 5ms and AP1 in second 5ms with no repetition. Labelled with red color
· Rank adaptation based on SRS on Tx_AP0 and Tx_AP1 is updated every 10ms
[image: ]
· SRS 2-symbol intra-subframe AS: AP0 and AP1 switched in 2 symbols every 5ms with no repetition. Labelled with pink color.
· Rank adaptation based on SRS on Tx_AP0 and Tx_AP1 is updated every 5ms
[image: ]
 [image: ][image: ] 
(a) DL Throughput		     (b) Gain relative to that of SRS 1symbol
Figure 4 SRS 1T2R with v=3km/h
  [image: ] [image: ] 
(a) DL Throughput		     (b) Gain relative to that of SRS 1symbol
Figure 5 SRS 1T2R with v=30km/h
Observation1: for low mobility case,
· At low DL SINR, intra-subframe SRS repetition achieves higher throughput gain than SRS AS.
· At medium~high DL SINR, intra-subframe or inter-subframe SRS AS increases throughput significantly by using higher rank.
· Intra-subframe SRS AS performs similarly as inter-subframe SRS AS. If inter-subframe averaging is applied, the performance of intra-subframe SRS may be further improved.
Observation2: for high mobility case,
· At low DL SINR, intra-subframe SRS repetition achieves higher throughput gain than SRS AS. But the gain is decreasing relative to that of low-mobility case.
· At medium~high DL SINR, intra-subframe SRS AS still increases throughput significantly by using higher rank.
· Intra-subframe SRS AS performs much better than inter-subframe SRS AS. For other DL/UL configurations with less UL subframes (e.g., cfg. 5 with only one UL subframe per radio frame), the gain is expected to be higher.
6. Summary
The proposals made in this contribution are summarized below.
Proposal 1: The additional and legacy SRS symbols can be separately configured to a UE.
· FFS whether to configure the additional and legacy SRS symbols together
Proposal 2: Support all symbols at least in one slot for possible time location of SRS symbols from cell perspective.
Proposal 3: Support aperiodic SRS antenna switching on additional SRS symbols.
Proposal 4: Support periodic SRS transmission on additional SRS symbols.
Proposal 5: Support intra-subframe SRS antenna switching for a normal subframe configured with additional SRS symbols.
- Study techniques to enable coexistence with legacy SRS transmissions.
Proposal 6: Support intra-subframe SRS repetition with flexible configuration for capacity enhancement.
Proposal 7: Support intra-subframe SRS frequency hopping.
Proposal 8: Consider flexible power control (i.e., different open loop/close loop parameters) at least for additional SRS symbols.
Proposal 9: Further consider SRS configurations based reducing the number of power changes in a subframe.
Proposal 10: Consider how to do rate matching/shortening in a normal uplink subframe containing self and/or intra-cell SRS using more than one symbol in a normal uplink subframe.
Proposal 11: Consider flexible SRS configurations for PUSCH/PUCCH rate matching.
[bookmark: _GoBack]Based on link-level simulation, we have the following observations:
Observation1: for low mobility case,
· At low DL SINR, intra-subframe SRS repetition achieves higher throughput gain than SRS AS.
· At medium~high DL SINR, intra-subframe or inter-subframe SRS AS increases throughput significantly by using higher rank.
· Intra-subframe SRS AS performs similarly as inter-subframe SRS AS. If inter-subframe averaging is applied, the performance of intra-subframe SRS may be further improved.
Observation2: for high mobility case,
· At low DL SINR, intra-subframe SRS repetition achieves higher throughput gain than SRS AS. But the gain is decreasing relative to that of low-mobility case.
· At medium~high DL SINR, intra-subframe SRS AS still increases throughput significantly by using higher rank.
· Intra-subframe SRS AS performs much better than inter-subframe SRS AS. For other DL/UL configurations with less UL subframes (e.g., cfg. 5 with only one UL subframe per radio frame), the gain is expected to be higher.
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Appendix: Link-level simulation assumption
	​Parameter
	Value

	Carrier frequency​
	2 GHz​

	Bandwidth​
	10 MHz​ (48PRBs for DL data/UL SRS)

	Duplex​
	TDD, LTE Configuration 2 

	Subcarrier spacing​
	15 kHz​

	CP
	Normal CP

	eNB tx power
	46dBm

	UE tx power
	23dBm

	Noise Figure at eNB
	5dB

	Noise Figure at UE
	9dB

	eNB antenna configuration
	8T/8R

	UE antenna configuration
	1T/2R ​

	Channel Model
	TDL-A, 100ns delay spread

	Moving speed
	3km/h, 30km/h

	SRS periodicity
	5ms

	SRS process delay
	1ms

	DL precoding
	Reciprocity-based SVD

	Rank
	RI=1 for no AS, RI=1 or 2 (Rank adaptation) for AS

	MCS
	Link adaptation
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