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In RAN1 #97 meeting, it was agreed that:
Agreement
A guard period can be configured for frequency hopping and antenna switching of additional SRS symbols.
· If guard period is configured, it is 1 OFDM symbol
· FFS: Guard period for frequency hopping and/or antenna switching is always configured when intra-subframe repetition is not configured, 
Agreement
For the sequence generation of additional SRS symbols:






where  is the absolute symbol index within the slot  and Nsymb is the number of OFDM symbols per slot.
· FFS: c_init
Agreement
For the handling of collision of SRS and PUCCH/PUSCH transmission, downselect from the following in RAN1#98
· Alt1: Use sPUSCH and/or sPUCCH
· Introduce sPUSCH and/or sPUCCH capability for Rel-16 UEs to enable sPUSCH and/or sPUCCH transmission in the SRS subframe.
· Multiplexing of sTTI on same subframe and same PRBs with additional SRS on symbols where SRS is not transmitted is supported
· Alt2: UE drops or delays SRS transmission in the additional symbols if the SRS collides with PUCCH/PUSCH/PRACH in the same carrier
· Choose between drop and delay
· Alt3: UE does not expect to be triggered with aperiodic SRS in the additional symbols of the SRS collides PUCCH/PUSCH/PRACH in the same carrier
· FFS: Collision on interband-CA, intraband-CA
· Alt4: It is up to eNB/UE implementation
In this paper, we provide our views on the remaining issues on the introduction of additional SRS symbols in normal UL subframes.

Discussion
On handling of collision of SRS and PUCCH/PUSCH transmission 
In the last meeting, the handling of collision of SRS and PUSCH/PUCCH transmission was discussed and four alternatives were proposed. The alternatives were discussed in this section.
Alt1: Use sPUSCH and/or sPUCCH
For Alt1, sPUSCH/sPUCCH is used to handle the collision with SRS. In a UL subframe, the sPUSCH/sPUCCH transmission, also known as sTTI, is transmitted in slot granularity. For example, as depicted in Figure 1(a), a SRS consisting of 6 symbols is on the first slot of subframe #N and collision occurs when PUSCH/PUCCH is to be transmitted in this subframe. With the introduction of sPUSCH/sPUCCH capability, Rel-16 UEs can transmit sPUSCH/sPUCCH in the second slot and the collision is avoided, as shown in Figure 1(b). 
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(a)                                                                                          (b)
Figure 1: Collision of SRS and PUSCH/PUCCH
Introducing sPUSCH/sPUCCH can solve the collision between SRS and PUSCH/PUCCH in most case. However, in the case that the length of the SRS exceeds one slot, as shown in Figure 2, SRS and sPUSCH/sPUCCH will still overlap in some symbols, which needs further study.
  [image: ]          
Figure 2: Partial collision of SRS and sPUSCH/sPUCCH
Alt2: UE drops or delays SRS transmission
For Alt2, the UE drops or delays SRS transmission in the additional symbols when it collides with PUCCH/PUSCH/PRACH. Consider the collision between SRS and PUSCH. If the DCI that triggers the SRS is earlier than the DCI that schedules the PUSCH, then drop the SRS transmission. It means that the PUSCH is more urgent than the previously triggered SRS, and it is necessary to guarantee the transmission of the PUSCH, so the SRS can be dropped. On the contrary, if the DCI that schedules the PUSCH is earlier than the DCI that triggers the SRS, then it is preferable to delay the SRS transmission. The delay time can be pre-defined in the specification or configured. 
Alt3: UE does not expect to encounter the collision
For Alt3, the eNB does not trigger the UE to transmit additional aperiodic SRS in the carrier that collides with PUCCH/PUSCH/PRACH. The problem is that in some cases, the collision cannot be avoided by scheduling. For example, after an additional SRS is triggered, if an urgent downlink packet arrives and needs to be scheduled promptly, there will be a collision between the additional SRS and the PUCCH carrying ACK/NACK to the urgent PDSCH. If an urgent uplink packet needs to be scheduled after an additional SRS is triggered, there will be a collision between the additional SRS and the urgent PUSCH.
Alt4: It is up to eNB/UE implementation
This solution may cause confusion in collision handling, especially when multiple UEs need to transmit SRS and PUSCH/PUCCH/PRACH in the same subframe. Because the wrong behavior of one UE will affect all other UEs in the subframe and cause interference between uplink transmissions.
Proposal 1: Alt1 and alt2 are supported to handle the collision of additional SRS and other uplink transmission:
· Introduce sPUSCH and/or sPUCCH capability for Rel-16 UEs to enable sPUSCH and/or sPUCCH transmission in the SRS subframe.
· UE drops or delays SRS transmission in the additional symbols if the SRS collides with PUCCH/PUSCH/PRACH in the same carrier. Dropping rules and delay time can be pre-defined by spec or determined by eNB.
In addition to the existing 4 alternatives, introduction of enhanced scheduling is also beneficial in terms of network performance. Consider the collision between SRS and PUCCH. In the case of heavy downlink load, such as TDD DL/UL configuration 5, ACK/NACKs of all downlink subframes in the ACK/NACK feedback window #N (contains subframe 9 in frame #N-2, subframe 0,1,3,4,5,7,8 in frame #N-1) are feedback through PUCCH on subframe 2 in frame #N, which is illustrated in Figure 3. SRS transmission in subframe 2 of frame #N 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 3: ACK/NACK feedback for TDD DL/UL subframe configuration 5
Here are two ways to solve this problem. One way is to transmit SRS in subframe 2 of frame #N, as shown in Figure 4(a). eNB can schedule the PDSCHs (e.g. RV0) in feedback window #N with a higher MCS (e.g., the target BLER=20%). Then, in DL subframes of ACK/NACK feedback window #N+1, the eNB could schedule another RV of the PDSCHs (e.g. RV2) initially transmitted in DL subframes of ACK/NACK feedback window #N. The UE may successfully decode the PDSCH by soft combining RV0 and RV2 with the residual BLER=10%. In this way, the PDSCH performance will not be degraded.
The other way is to transmit SRS in subframe 2 of frame #N and ACK/NACKs of feedback window #N are deferred to feedback on the subframe 2 of frame #N+1 which is for ACK/NACK feedback window #N+1, as depicted in Figure 4(b).
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(a) 
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(b) 
Figure 4: Collision-free scheduling for TDD DL/UL subframe configuration 5

Thus, based on the above discussion, we have the following proposal:
Proposal 2: Consider to support the drop or delay of PUCCH to handle the collision between additional SRS and other uplink transmission.

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.  As periodic SRS has been widely used in the practical networks, it should be supported also for Rel-16 additional SRS. Reasons of supporting periodic SRS are as follows:
1.  Periodic SRS are free of the DCI triggering limitation
Since additional SRS may occupy 1-13 symbols, one additional SRS subframe can support SRS transmission for a large number of UEs. However, the PDCCH resources used for transmitting DCI to trigger SRS is limited. For example, as analyzed in [1], the available resource for PDCCH is 43 CCEs for 2	Tx and 37 CCEs for 4Tx. Assume that all these CCEs can be used for SRS triggering(both DL and UL grant), and assume the CCE aggregation level is 4. As a result, the number of supported UEs for one downlink subframe is about 10. For TDD Config. 2, there are 6 downlink subfrme which can support about 60 UEs. However, if one UL subframe in TDD Config 2 is configured as additional SRS subframe (i.e., 14 SRS symbols), and assume all UEs are configured as full SRS bandwidth with comb=2 and cyclic shift (CS=8), the number of being triggered UEs is 14*2*8= 224, which is far larger than the PDCCH capacity.
Table 1: Number of supported UEs by PDCCH and SRS in one frame for TDD Config. 2
	
TDD Config 2
10MHz
(50RBs)
	Available PDCCH resources in one subframe 
	Number of supported UEs by PDCCH in one frame
	Number of supported UEs by SRS in one frame

	
	2Tx: max. 43 CCEs
4Tx: max. 37 CCEs
	
about 60 UEs
	  
224UEs



Therefore, from the above analysis, we can see that there is not enough PDCCH resources sending DCI to trigger so much UEs’ SRS with so much addition SRS resources. As a result, even the additional SRS resources are extensively extended, only a small part of additional SRS resources can be actually used, which would lead to the great waste of the additional SRS resources.
Thus, it is essential to support periodic SRS to fully utilize the addition SRS resources.
Observation 1: There is not enough PDCCH resource to fully use additional SRS resources if only aperiodic triggering is supported.
2. Periodic SRS could benefit the burst downlink traffic 
Periodic SRS is also very useful for UEs with burst 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 additional SRS, which can provide the latest full bandwidth full antenna channel, thus the benefits of efficiency enhancements cannot be achieved. 
For cases without periodic additional SRS transmission, as shown in the blue bar in the figure 5, aperiodic additional SRS and legacy periodic SRS transmission with a periodicity of 40ms are used. For cases with periodic additional SRS transmission, as shown in the red bar in the figure 5, all symbols in one uplink subframe can be configured for SRS transmission. It can be seen from the figure 5 that the introduction of periodic additional SRS transmission can bring 5.5%, 1.55% and 9.54% throughput increase in cell average, cell edge and cell 95%, respectively.
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Figure 5: Throughput gains of periodic and aperiodic additional SRS for 2T4R UEs

Observation 2: There are 5.5%, 9.54% and 1.55% throughput gain for cell average, 95%-tile UE and 5%-tile UE respectively, if periodic additional SRS transmission is supported.
In addition, as the periodic and 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 have the following proposal:
Proposal 3: 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
In the last meeting, it was agreed to support to configure a one-OFDM-symbol guard period (GP) for frequency hopping and antenna switching of additional SRS symbols. An FFS is whether GP for frequency hopping and/or antenna switching is always configured when intra-subframe repetition is not configured. 
Whether the transient period for frequency or antenna switching is needed or not depends on the UE capability of signal transmission. The eNB can estimate the UEs’ capability according to the previous sounding performance, and determines whether to configure a GP.
Therefore, we have following proposal:
Proposal 4: The eNB determines whether to configure a guard period for antenna switching and frequency hopping of additional SRS symbols when intra-subframe repetition is not configured.

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 frequency hopping and antenna switching
In the last meeting, there was a working assumption that when intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, frequency hopping should be performed before antenna switching. 
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 4(a), we perform antenna switching before frequency hopping, the total number of the sounding process is also 17. If we perform frequency hopping before antenna switching, as depicted in Figure 4(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 5: Confirm the working assumption: 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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(a)                                                                                       (b)                                                                                
Figure 4: 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 5, for 1T4R with 3 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 even worse when intra-subframe repetition is introduced. Therefore, antenna switching across a subset of antenna ports should be supported. UE can continue to sound remaining antenna ports if not all antennas were sounded in a previous triggering. This can be achieved by the continuous counting of the parameter of  between subframes. 
Based on above discussion, we have the following proposals
Proposal 6: Support intra-subframe antenna switching across a subset of antenna ports. 
· Support continuous counting of the parameter of  between subframes.

[image: ]
Figure 5: Frequency hopping and antenna switching are concurrently configured

Details of sequence design
In the last meeting, the sequence generation formula that supports per-symbol group hopping and sequence hopping for additional SRS symbols is determined. The initialization pseudo-random sequence  is an FFS. In order to be compatible with legacy SRS sequence, the initialization sequence  for group hopping and sequence hopping should be the same as for current specifications.
Therefore, we have the following proposal
Proposal 7: For the sequence generation of additional SRS symbols:
· For group hopping, the pseudo-random sequence generator shall be initialized with   at the beginning of each radio frame；
· For sequence hopping, the pseudo-random sequence generator shall be initialized with   at the beginning of each radio frame where is configured by higher layers.

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 not enough PDCCH resource to fully use additional SRS resources if only aperiodic triggering is supported.
Observation 2: There are 5.5%, 9.54% and 1.55% throughput gain for cell average, 95%-tile UE and 5%-tile UE respectively, if periodic additional SRS transmission is supported.


Proposal 1: Alt1 and alt2 are supported to handle the collision of additional SRS and other uplink transmission:
· Introduce sPUSCH and/or sPUCCH capability for Rel-16 UEs to enable sPUSCH and/or sPUCCH transmission in the SRS subframe.
· UE drops or delays SRS transmission in the additional symbols if the SRS collides with PUCCH/PUSCH/PRACH in the same carrier. Dropping rules and delay time can be pre-defined by spec or determined by eNB.
Proposal 2: Consider to support the drop or delay of PUCCH to handle the collision between additional SRS and other uplink transmission.
Proposal 3: Support periodic SRS transmission for additional SRS symbols.
· FFS semi-persistent SRS to achieve  the tradeoff between overhead and performance
Proposal 4: The eNB determines whether to configure a guard period for antenna switching and frequency hopping of additional SRS symbols when intra-subframe repetition is not configured.
Proposal 5: Confirm the working assumption: When intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, frequency hopping should be performed before antenna switching.
Proposal 6: Support intra-subframe antenna switching across a subset of antenna ports. 
· Support continuous counting of the parameter of  between subframes.
Proposal 7: For the sequence generation of additional SRS symbols:
· For group hopping, the pseudo-random sequence generator shall be initialized with   at the beginning of each radio frame；
· For sequence hopping, the pseudo-random sequence generator shall be initialized with   at the beginning of each radio frame where is configured by higher layers.
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Appendix
Simulation parameters for system level simulation
	Parameters
	Values

	Duplex mode 
	TDD UL/DL Config. 2

	Carrier frequency 
	3.5GHz

	Simulation bandwidth
	20MHz

	BS Tx power 
	43dBm

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

	UE antenna configurations 
	2T4R, 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
	Burst, FTP model 1, 0.1MByte packet size

	UE distribution
	80% Indoor
20% Outdoor

	UE speed
	3 km/h

	Scheduler
	PF

	HARQ scheme
	CC with up to 3 retransmissions

	UE receiver type
	MMSE-IRC

	SRS configurations
	Frequency hopping with 1/4 network bandwidth;

	Channel estimation
	Realistic

	MIMO mode
	MU-MIMO with rank adaptation
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