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In RAN1 #96bis meeting, it was agreed that:
Agreement
For aperiodic SRS transmission, any combination of the following features can be simultaneously configured
· Intra-subframe antenna switching 
· At least antenna switching across all antenna ports is supported
· FFS: Antenna switching across a subset of antenna ports
· Intra-subframe frequency hopping
· Intra-subframe repetition
FFS: Whether above applies at the additional SRS symbols only or for legacy SRS symbols as well 

Agreement



[bookmark: MTBlankEqn]At least for the support of SRS repetition , where  is the OFDM symbol number,  is the number of configured SRS symbols, and R is the repetition factor for the configured UE.

Agreement
For additional SRS symbols, per-symbol group hopping and sequence hopping are supported. 
· In a given time, only one of per-symbol group hopping or sequence hopping can be used by a UE

Agreement
In order to address at least possible power change due to frequency hopping or antenna switching for additional SRS symbols, select one of the following options:
· Option 1: A guard period of one symbol is introduced in RAN1 specifications.
· Option 2: No guard period is introduced in RAN1 specifications
· It is up to RAN4 to introduce a transient period between additional SRS symbols in RAN4 specifications.

In this paper, we provide our views on the remaining issues on the introduction of additional SRS symbols in normal UL subframes.
Discussion
Remaining issues of SRS configuration granularity of additional SRS
In RAN1 #96 meeting, it was agreed that the numbers of SRS symbols that can be configured to a UE in one normal subframe for a cell are from 1 to 13 from cell perspective. How/Whether to introduce specification support to handle collision of SRS and PUCCH/PUSCH transmission is FFS. In this section, analysis of collision of SRS and PUCCH/PUSCH transmission and potential specification support are provided.

1. Collision of SRS and PUCCH issue
Since 1-13 additional SRS symbols and one legacy SRS symbol in one normal subframe can be configured for SRS transmission from cell perspective, the HARQ-ACK cannot be reported in this UL subframe. Take TDD DL/UL configuration 2 as an example, which is widely used in TDD networks, HARQ-ACKs of downlink subframe 4/5/6/8 are feedback through PUCCH on subframe 2, and HARQ-ACKs of downlink subframe 0/1/3/9 are carried by PUCCH on subframe 7, as shown in Figure 1.

	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	0
	1
	2
ACK of SF(4,5,6,8)
	3
	4
	5
	6
	7
ACK of SF(0,1,3,9)   
	8
	9


Figure 1: 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 4/5/6/8, otherwise, SRS transmission would be dropped since it collides with HARQ-ACK transmission. Obviously, it would introduce restriction on downlink user scheduling.
In the case of heavy downlink load, such as TDD DL/UL configuration 5, HARQ-ACKs of all downlink subframes are feedback through PUCCH on subframe 2, which is illustrated in Figure 2. If the unique UL subframe (subframe 2) is configured to transmit additional SRS, then there is no way to perform HARQ-ACKs feedback. Otherwise, SRS transmission would be dropped and the additional SRS symbols has no opportunity to be transmitted.
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[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Figure 2: HARQ-ACK feedback for TDD subframe configuration 5

Observation 1: Since all symbols in one subframe can be used for SRS from cell perspective, the collision between SRS symbols and PUCCH would impact the scheduling of PDSCH and the feedback of HARQ-ACK, and further degrade the system performance significantly,  especially for downlink heavy UEs.

2. Collision of SRS and PUSCH issue
Another remaining issue is collisions of SRS and the scheduled PUSCH. As analyzed above, all symbols configured for SRS in one normal subframe would also impact the scheduling of PUSCH. Take TDD DL/UL configuration 2 as an example, 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 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 would lead to significantly system performance degradation.  
Observation 2: 1-13 symbols configured for SRS in one subframe would also impact the scheduling of PUSCH, and consequently degrade the system performance.
Base on the analysis and the above observations, necessary specification support would be required to solve the above issues. And the following possible enhancements can be considered.
1. Introduce the sPUSCH capability
With the introduction of sPUSCH, the 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. And the introduction of sPUSCH capability would have no RAN1 specification impact. 
2. Introduce HARQ reference configuration 
For the collisions of UCI and SRS, the existing solution of R12 eIMTA and R14 SRS carrier based switching, to configure a R16 HARQ reference configuration, can also be reused to avoid this issue. 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. 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. 
3. Enhanced scheduling
In addition to the introduction of sPUSCH and HARQ reference, the scheduling can also be enhanced to solve the collisions.  For example, as shown in Figure 1, when the subframe #7 is configured for SRS transmission and the ACK/NACK for PDSCH in subframe #3 would collide with SRS. In this case, eNB can schedule a PDSCH (e.g., RV0) in subframe #3 with a higher MCS (e.g., the target BLER=20%) and the UE would drop the ACK/NACK and transmit SRS in subframe #7. Then, in subframe #4 or #5, the eNB could schedule another RV of the PDSCH (e.g., RV2) initially transmitted in subframe #3. Then, the UE may successfully decode the PDSCH by soft combing RV0 and RV2 with the residual BLER=10%. In this way, the PDSCH performance will not be degraded. 
Proposal 1: Necessary specification support should be introduced to handle the collision of SRS and PUCCH/PUSCH transmission. The following possible enhancements can be FFS
· Introduce sPUSCH capability for Rel-16 UEs to enable sPUSCH transmission in the SRS subframe.
· Note: the introduction of the sPUSCH capability has no RAN1 impact.
·  Introduce HARQ reference configuration, similar to eIMTA and SRS carrier based switching, for HARQ feedback 
· Enhanced scheduling

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 2: Support periodic SRS transmission for additional SRS symbols.
· FFS semi-persistent SRS to achieve  the tradeoff between overhead and performance

Guard period for antenna switching or frequency hopping
As we know from the discussion on SRS antenna switching in NR Rel-15, The LS Reply from RAN4 [1] indicate that antenna switching time is 15 us. Therefore, NR specification defines the minimum GP for antenna switching, i.e., one or two symbols for 15/30/60 KHz subcarrier spacing. Similarly, for LTE, there will also be time for antenna switching. For frequency hopping, the transient period for frequency hopping of two adjacent SRS symbols in UpPTS is 40us. However, the transient period for intra-subslot frequency hopping for sTTI, which was later introduced, is defined as 20us. Therefore, the TP for frequency hopping of additional SRS symbols may be expected to be reduced to 20us.
In the last meeting, two options for frequency hopping or antenna switching of additional SRS symbols were discussed:
· Option 1: A guard period of one symbol is introduced in RAN1 specifications.
· Option 2: No guard period is introduced in RAN1 specifications
· It is up to RAN4 to introduce a transient period between additional SRS symbols in RAN4 specifications. 
With option 1, there will be always a guard period of one symbol for UE to handle the transient period. The signal quality of SRS can be guaranteed, however, there is a large limitation of scheduling flexibility. With option 2, there can be no guard period configured for frequency hopping or antenna switching. In this case, the SRS is corrupted by the transient period. Therefore, to maintain the SRS symbol transmission quality, the eNB should have the ability to configure a guard period for frequency hopping or antenna switching under option 2. Then, in cases UE need more symbols to transmit SRS especially for many antennas, there can be no guard symbols configured so that all symbols in a subframe can be used for SRS. In cases that UE doesn’t need many SRS symbols, guard symbols can be configured for frequency hopping or antenna switching. 
Therefore, we have following proposal:
Proposal 3: The eNB is able to configure a guard period for antenna switching and frequency hopping of additional SRS symbols.

Details of repetition, frequency hopping and antenna switching for additional SRS symbols
In RAN1 #96bis meeting, it was agreed to support any combination of intra-subframe repetition, intra-subframe frequency hopping and intra-subframe antenna switching for aperiodic additional SRS transmission. Furthermore, for intra-subframe antenna switching, it was agreed to support antenna switching for at least all antenna ports. In this section, we discuss the details of intra-subframe repetition, frequency hopping and antenna switching.

1. The order of repetition, frequency hopping and antenna switching
[bookmark: OLE_LINK11]Intra-subframe repetition of SRS transmission is supported by defining , and the total number of configured SRS symbols in the subframe is  which should not contain the GP symbol(s). When frequency hopping/repetition and antenna switching are concurrently configured in a subframe for a UE, the subband and the antenna port where the UE sends the SRS symbols are determined by the parameter of  . It can be seen from the formula  that every consecutive  symbols the SRS are on the same subband and antenna port, since  remains constant for these symbols. When  changes, the frequency hopping and antenna switching will be performed simultaneously. This means that repetition is always done before frequency hopping and antenna switching.
The remaining issue is, which of the frequency hopping and antenna switching should be performed first, and what are the effects of these two different orders. For example, for 1T2R with 3 hops frequency hopping, the system bandwidth of SRS and the UE-specific subband SRS are 48 RBs and 16 RBs, respectively. Repetition factor  , assuming GP for antenna switching is one symbol. As we can see from Figure 3(a), frequency hopping and antenna switching are performed simultaneously according to the current formula and the entire sounding process requires 17 symbols. Since the max number for additional SRS symbols in a subframe is 13, the entire sounding process cannot be done in a subframe. If we perform antenna switching before frequency hopping, as depicted in Figure 3(b), the total number of the sounding process is also 17. If we perform frequency hopping before antenna switching, as depicted in Figure 3(c), only 13 symbols are needed for the entire sounding process which can be done in a subframe and the GP overload can be minimized. Hence, we propose
Proposal 4: When intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, frequency hopping should be performed before antenna switching.
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Figure 3: Repetition, frequency hopping and antenna switching are concurrently configured

2. Support antenna switching across a subset of antenna ports
The number of additional SRS symbols in a subframe may be insufficient for the entire antenna switching process in some scenario. As we can see from Figure 4, for 1T4R with 3 hops frequency hopping, assuming GP for antenna switching is one symbol, the total number of symbols in the sounding process is 15, which is more than the symbols in a subframe. The situation is getting worse, when intra-subframe repetition is introduced. Therefore, antenna switching across a subset of antenna ports should be supported.
One issue related is that which antenna ports are used when triggered. In our view, there can be two options:
· Option 1: To let eNB to trigger the antenna ports as demanded, a subset of antenna port indexes is configured by eNB for a UE to perform antenna switching. For example, assuming the number of antenna ports is 4, the first subset indicates antenna port #0 and #1 where the UE performs intra-subframe antenna switching in the subframe. Then, eNB trigger another SRS transmission on another subset of antenna port #2 and #3 in another subframe.
· Option 2: Another option is that UE can continue to sound remaining antenna ports if not all antennas were sounded in a previous triggering. This can be achived by the continuous counting of the parameter of  between subframes. 
Based on above discussion, we have the following proposals
Proposal 5: Support intra-subframe antenna switching across a subset of antenna ports.  The following options can be for further study:
· Configure subset of antenna port index to a UE in a subframe.
· Support continuous counting of the parameter of  between subframes.

[image: ]
Figure 4: Frequency hopping and antenna switching are concurrently configured
3. Application to additional SRS symbols or legacy SRS symbols
In RAN1 #96 meeting, it was agreed that legacy SRS and additional SRS can be concurrently configured in a subframe for a UE. In this case, if intra-subframe frequency hopping and intra-subframe antenna switching apply at the legacy SRS symbols and the additional SRS symbols, the legacy SRS symbols have to be matched with additional SRS symbols such as sequence, comb, subbands, which may cause collision with other UEs in legacy SRS symbols. Thus, the scheduling complexity of eNB is significantly increased. Moreover, considering the periodic and aperiodic transmission of legacy SRS, it is difficult to make formulas compatible with additional SRS when considering intra-subframe frequency hopping and intra-subframe antenna switching. Hence, we propose
Proposal 6: Intra-subframe repetition, intra-subframe frequency hopping or intra-subframe antenna switching can only be applied to additional SRS symbols. 

Details of sequence design
In RAN1 #96bis meeting, it was agreed to support per-symbol group hopping and sequence hopping for additional SRS symbols. In a given time, only one of per-symbol group hopping or sequence hopping can be used by a UE, which is already specified in NR. However, the main difference is that the SRS symbols in each resource in NR are continuous while intra-subframe SRS symbols in LTE may be discontinuous due to GP symbols. In other words, GPs in the subframe may affect the ordinal number of SRS symbols, which in turn affects the sequence design. It should be carefully studied before the GP issue is discussed clearly.
Therefore, we have the following proposal 
Proposal 7: Detailed sequence design of group hopping and sequence hopping should be further studied after the decision on whether a GP is introduced in RAN1 specifications.

Conclusions
In this contribution, we mainly discusses the aspects related to additional SRS symbols. We have the following observations and proposals:
Observation 1: Since all symbols in one subframe can be used for SRS from cell perspective, the collision between SRS symbols and PUCCH would impact the scheduling of PDSCH and the feedback of HARQ-ACK, and further degrade the system performance significantly,  especially for downlink heavy UEs.
Observation 2: 1-13 symbols configured for SRS in one subframe would also impact the scheduling of PUSCH, and consequently degrade the system performance.
Proposal 1: Necessary specification support should be introduced to handle the collision of SRS and PUCCH/PUSCH transmission. The following possible enhancements can be FFS
· Introduce sPUSCH capability for Rel-16 UEs to enable sPUSCH transmission in the SRS subframe.
· Note: the introduction of the sPUSCH capability has no RAN1 impact.
·  Introduce HARQ reference configuration, similar to eIMTA and SRS carrier based switching, for HARQ feedback 
· Enhanced scheduling
Proposal 2: Support periodic SRS transmission for additional SRS symbols.
· FFS semi-persistent SRS to achieve  the tradeoff between overhead and performance
Proposal 3: The eNB is able to configure a guard period for antenna switching and frequency hopping of additional SRS symbols.
Proposal 4: When intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, frequency hopping should be performed before antenna switching.
Proposal 5: Support intra-subframe antenna switching across a subset of antenna ports.  The following options can be for further study:
· Configure subset of antenna port index to a UE in a subframe.
· Support continuous counting of the parameter of  between subframes.
Proposal 6: Intra-subframe repetition, intra-subframe frequency hopping or intra-subframe antenna switching can only be applied to additional SRS symbols. 
Proposal 7: Detailed sequence design of group hopping and sequence hopping should be further studied after the decision on whether a GP is introduced in RAN1 specifications.
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