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In RAN1 #94bis meeting, the following agreement was achieved for introduction of additional SRS symbols
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
And in RAN1 #95, it was agreed that 
Agreement
Both intra-subframe frequency hopping and repetition are supported for aperiodic SRS in additional symbols 
· FFS whether above is supported for periodic SRS in additional SRS symbols
Agreement
Intra-subframe antenna switching is supported for aperiodic SRS in additional SRS symbols.
· FFS: Whether intra-subframe antenna switching and intra-subframe frequency hopping/repetition can be concurrently configured
· FFS: Whether the above is supported for periodic SRS in additional SRS symbols
Agreement
Both legacy SRS and additional SRS symbol(s) can be configured for the same UE.
· In case of legacy SRS is aperiodic, UE can transmit one of legacy SRS or additional SRS symbol(s) in the same subframe
· In case of legacy SRS is periodic, UE can transmit legacy SRS and additional SRS symbol(s) in the same or different subframes
· FFS: In case of legacy SRS is aperiodic, UE can transmit legacy SRS and additional SRS symbol(s) in the same subframes
· Including triggering mechanism
This contribution further discusses the aspects related to the introduction of additional SRS symbols in normal UL subframe. 
[bookmark: _Ref129681832]Discussion
SRS configuration granularity of additional SRS
SRS configuration granularity is still an open issue. In this section, the impacts related to SRS configuration granularity are discussed.
1. UCI feedback issue
The first issue is UCI feedback on PUCCH. Considering TDD DL/UL configuration 2 is widely used in TDD networks, it is taken as an example. HARQ-ACKs of downlink subframe 8/6/4/5 are fedback through 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 a UE is configured to transmit additional SRS in one subframe, e.g., subframe 2, the UE 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. For downlink heavy UEs, this would result in SRS starvation, that the additional SRS symbols has no opportunity to be transmitted.
Observation 1: There is additional SRS starvation for downlink heavy UEs, as the additional SRS symbols collides with PUCCH transmission.
2. Impact on scheduling PUSCH issue
The second issue is the impact on scheduling PUSCH. For instance, subframe 2 is configured for SRS for a cell. UEs who have UL-SCH transmission have to be scheduled on subframe 7 if it is to transmit SRS in subframe 2. One drawback of such scheduling restriction is to introduce the delay of UL-SCH transmission. Another drawback is the overload of PDCCH since all UL grants 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.  
Observation 2: Uplink data transmission would be interrupted by additional SRS transmissions.
3. Limits the flexibility of adjusting SRS resources occupation
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 (R14 WI Uplink capability enhancement)
Based on the above discussion, Option 1 is preferred, i.e., all symbols in the 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 1: Support the configuration of all symbols in one slot of a subframe used for SRS from a cell perspective. 
· Support PUCCH/PUSCH rate matching around additional SRS.

Another alternative to solve the above mentioned issues is to use sPUSCH/sPUCCH transmissions. If all symbols in one subframe can be possibly used for SRS, in this subframe, UEs can transmit sPUSCH in symbols and RBs that are not used for additional SRS transmission. Considering the implementation complexity, an independent sPUSCH capability can be specified for UEs supporting sPUSCH transmission in subframes configured with additional SRS symbols. sPUCCH capability can also be introduced for UCI transmission, however, with sPUSCH capability, the UCI can be piggybacked on sPUSCH. Therefore, we have following proposal:
  
Proposal 2: Introduce sPUSCH capability for Rel-16 UEs to enable sPUSCH transmission in the SRS subframe.
· FFS sPUCCH capability for Rel-16 UEs.

On support of periodic SRS for additional SRS symbols
At RAN1 #94bis 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, thus the benefits of efficiency enhancements cannot be achieved. 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.
In addition, as the semi-persistent SRS transmission has been introduced in NR, it can also be used for additional SRS between subframes to provide the balance of SRS overhead and flexibility in LTE. 
Based on the above discussion, we do see the necessity to support periodic SRS for additional SRS symbols. Hence we propose
Proposal 3: Support periodic SRS transmission for additional SRS symbols.
· FFS semi-persistent SRS to achieve  the tradeoff between overhead and performance

Details of SRS antenna switching for additional SRS symbols
In the last meeting, intra-subframe antenna switching is agreed to be supported for aperiodic SRS. 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. In order to guarantee the coverage performance of each antenna by hopping/repetition, it is necessary to concurrently configure both intra-subframe antenna switching and intra-subframe frequency hopping/repetition. And also, the above schemes could be applied for periodic SRS in additional SRS symbols.
Proposal 4: Intra-subframe antenna switching and intra-subframe frequency hopping/repetition can be concurrently configured.
In addition, 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 [2, R4-1710048] indicate that antenna switching time is 15 us. 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.
Details of intra-subframe frequency hopping and repetition
In the last meeting, both intra-subframe frequency hopping and repetition are agreed to be supported for aperiodic SRS in additional symbols. For repetition, a repetition factor, like in NR, can be introduced in LTE for additional SRS symbols. For example, for the aperiodic SRS symbols configured for one UE, frequency hopping and repetition can be supported by 


where   is the OFDM symbol number,  is the number of configured SRS symbols, and R is the repetition factor for the configured UE.

Proposal 6: For aperiodiccaly triggered additional SRS symbols, frequency hopping and repetition are supported by , where   is the OFDM symbol number,  is the number of configured SRS symbols, and R is the repetition factor for the configured UE.
In addition, for frequency hopping, the configuration of additional SRS symbols and legacy SRS symbols should be separately configured to reduce the complexity. Furthermore, both intra-subframe frequency hopping and repetition should be supported for periodic SRS. 
Proposal 7: Support intra-subframe frequency hopping and repetition for periodic SRS in additional SRS symbols.

Collision between UCI and additional SRS symbols
In section 2.1, collision between UCI and additional SRS symbols are discussed. As in observation 1, there would be starvation of additional SRS symbols due to collision with PUCCH. A simple way to tackle this issue can re-use the existing solution of R12 eMITA and R14 SRS carrier based switching, to configure a R16 HARQ reference configuration. For example, for TDD DL/UL config. 2, UEs configured with additional SRS can be configured with HARQ-reference-config as TDD DL/UL config. 5, then all the HARQ-ACK are transmitted in subframe#2, and subframe#5 can be used for additional SRS symbols. 
Proposal 8 Introduce HARQ reference configuration, similar to eIMTA and SRS carrier based switching, for HARQ feedback when configured with additional SRS symbols.
However, for TDD configuration 5, there is only one uplink subframe in one physical frame. Once the only uplink subframe is configured for SRS, even with HARQ-reference-config, the ACK/NAKC still cannot be reported. It needs further consideration. 

Conclusions
In this contribution, we mainly discusses the aspects related to additional SRS symbols. We have the following observations and proposals:
Observation 1: There is additional SRS starvation for downlink heavy UEs, as the additional SRS symbols collides with PUCCH transmission.
Observation 2: Uplink data transmission would be interrupted by additional SRS transmissions.

Proposal 1: Support the configuration of all symbols in one slot of a subframe used for SRS from a cell perspective. 
· Support PUCCH/PUSCH rate matching around additional SRS.
Proposal 2: Introduce sPUSCH capability for Rel-16 UEs to enable sPUSCH transmission in the SRS subframe.
· FFS sPUCCH capability for Rel-16 UEs.
Proposal 3: Support periodic SRS transmission for additional SRS symbols.
· FFS semi-persistent SRS to achieve  the tradeoff between overhead and performance
Proposal 4: Intra-subframe antenna switching and intra-subframe frequency hopping/repetition can be concurrently configured.
Proposal 5: Introduce the guard period for antenna switching when additional SRS symbols are allocated for the same UE.

Proposal 6: For aperiodiccaly triggered additional SRS symbols, frequency hopping and repetition are supported by , where   is the OFDM symbol number,  is the number of configured SRS symbols, and R is the repetition factor for the configured UE.
Proposal 7: Support intra-subframe frequency hopping and repetition for periodic SRS in additional SRS symbols.
Proposal 8 Introduce HARQ reference configuration, similar to eIMTA and SRS carrier based switching, for HARQ feedback when configured with additional SRS symbols.
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