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1	Introduction
In RAN#86, enhancements on SRS operation were approved to be considered and specified as part of the further enhancements on MIMO WID [1]. The objectives for the SRS enhancements are stated as follows [1]:
	The work item aims to specify the enhancements identified for NR MIMO. The detailed objectives are as follows: 
· Extend specification support in the following areas [RAN1]
…
· Enhancement on SRS, targeting both FR1 and FR2:
a. Identify and specify enhancements on aperiodic SRS triggering to facilitate more flexible triggering and/or DCI overhead/usage reduction
b. Specify SRS switching for up to 8 antennas (e.g., xTyR, x = {1, 2, 4} and y = {6, 8})
c. Evaluate and, if needed, specify the following mechanism(s) to enhance SRS capacity and/or coverage: SRS time bundling, increased SRS repetition, partial sounding across frequency
       …


2	Discussion on SRS Enhancements 
2.1	SRS Triggering Enhancement: Collision Handling
When multiple aperiodic UL SRS resource sets are triggered with DCI with single “t”, collision in time  may occur among triggered UL SRS resource sets. The combination of different resource set specific slot offset values and k-values as well as one common t-value, can lead to a situation where multiple triggered aperiodic resource sets to collide in time in the same available slot. Therefore, a dropping rule is required to define which of aperiodic SRS set(s) the UE shall transmit and which of them to drop. One simple dropping rule among aperiodic UL SRS resource sets is to define the following priority order between different usage types (highest priority first in the list): antennaSwitching > codebook>noncodebook> >beamManagement. When collision occurs between different usage types, the UE shall always drop lower priority SRS resource set and transmit higher priority UL SRS resource set. 
Proposal 1: Support the following priority order between different UL SRS resource usage types (highest priority first in the list): antennaSwitching > codebook>noncodebook> >beamManagement. 
      
2.2	Flexible Antenna Switching
UL SRS antenna switching with a large number of receive antennas is one of the key enablers for enhanced system performance (e.g. capacity) with reciprocity based MU-MIMO in TDD based systems. Rel-17 specifies multiple different UL SRS antenna switching options, e.g. 1T6R, 1T8R, 2T8R, with multiple resources and resource sets. 
UE can be  configured/re-configured semi-statistically (e.g. RRC signalling ) with different UL SRS antenna switching resource configurations based on capability signalling. Tens of millisecond time with increased resource overhead is required when  re-configuration is done by using RRC signalling. Since traffic, load and channel conditions in TDD MU-MIMO scenarios can vary more dynamically in time, RRC based reconfiguration of antenna switching for DL CSI acquisition may turn out to be too slow with increased resource overhead leading to degraded system performance. Therefore, there is a need to provide support for more dynamic way in time as well as resource efficient mechanism to configure UL SRS antenna switching configurations compared with RRC- based mechanism.  This can be obtained by enabling the UE to report dynamically via MAC CE signalling preferred UL SRS antenna switching configuration out of configured UL SRS resources/resource set for antenna switching(s). As a result of this, the number of UE TX antenna and/or RX antenna ports associated with UL SRS and/or DL RS can be adapted according to a channel/traffic characteristic. The network may indicate/reconfigure via MAC CE for the UE aperiodic UL SRS resources and resource set(s) for antenna switching to be triggered via DCI. Moreover, the MAC CE can also update/reconfigure association between UL SRS triggering states and resource sets. From our perspective, no new DCI is required because existing DCI codepoint associated with the SRS request can be used to trigger different aperiodic xTyR SRS resource sets via different triggering states.       
  
Proposal 2: Support MAC CE signaling to indicate the used SRS resources from the configured SRS resources in SRS resource set(s) for UL antenna switching. 
Proposal 3: Support MAC CE signaling to update association between UL SRS triggering states and resource sets.
2.3 Overhead Reduction
Overhead reduction by using same resources for multiple usage types, e.g. between codebook and antenna-switching, have been discussed in several Rel-17 RAN1 meetings. In offline discussions after RAN1-104e meeting, it was concluded that when UE is configured an x-port SRS in a set with usage “codebook”, the gNB can assume that the UE transmits these SRS resources in the same way (e.g. same virtualization) as if the set would have been configured with usage ‘antennaswitching’ with xTxR. As a result of this, the SRS measurement for ‘codebook’ based uplink is also applicable for downlink CSI reciprocity based channel sounding 
However, there has not been any discussion whether a gNB can assume that UE uses same UE antenna ports and related antenna virtualization for the transmission of UL SRS with antenna switching as for the reception of DMRS for PDSCH. If the UE uses different assumption on antenna ports and related virtualization for UL SRS the transmission than for the reception of DMRS, the demodulation performance of PDSCH can be significantly degraded (for example, non-codebook based precoder for DL PDSCH has been determined  based on antenna switching with antenna virtualization but the PDSCH reception is performed with same antenna virtualization). To enable optimized system performance, the gNB and the UE should have common understanding whether antenna ports and related antenna virtualization for UL SRS transmission and DL DMRS reception have correspondence or not. It is worth noting by correspondence (valid on both FR1 and FR2) we do not refer to the beam correspondence (valid only for FR2). According to our understanding, there is no currently 3GPP specification available where the antenna port correspondence/ same antenna virtualization between UL SRS antenna switching and DL DMRS is clearly defined or related assumption. Therefore, to enable optimized system operation, a simple indication from the UE whether antenna port correspondence/same antenna virtualization holds between UL SRS antenna switching and DL DMRS reception is needed. Based on above discussion, we propose to introduce simple indication (e.g. RRC) in Rel-17 whether antenna correspondence holds or not between UL SRS transmission and DL DMRS reception.  
Observation 1: To enable optimized system performance, the gNB and the UE should have a common understanding whether antenna ports and related antenna virtualization for UL SRS antenna transmission and DL DMRS reception have correspondence or not.
Proposal 4: Support indication of antenna virtualization/antenna port correspondence (e.g. RRC) in Rel-17 between UL SRS antenna ports and DL DMRS reception antenna ports. 
2.4	Coverage and Capacity Enhancements
	Working assumption
To support 4 ports with Max CS = 6, 
· Port 0 and Port 2 locate in n_CS and (n_CS+3) mod 6 in comb offset k_TC, respectively. 
· Port 1 and Port 3 locate in n_CS and (n_CS+3) mod 6 in comb offset (k_TC + 4) mod 8, respectively. 
· Note: n_CS and k_TC are the configured CS and comb offset values.
· Note: This working assumption can be revisited if Max CS = 12 is agreed.




In RAN1-107e meeting, a working assumption was made regarding to the support of 4 antenna ports with CS=6. Since the working assumption is only valid for UL SRS resources with Comb-8 and 4 APs, the legacy way of determining antenna ports specific cyclic shifts/phase offsets is not valid. Therefore, this exception needs to be captured in the form of new equation in TS 38.211 as well as antenna port mapping with comb offsets. From our perspective, the working assumption can be confirmed. 
Proposal 5: Confirm WA on support of 4 ports with Max CS=6. 
Based on the RAN1-106bis-e meeting agreement, it remained for further study whether the maximum number of 12 CS is to be supported or not.When a comb-8 is configured with CS=6the total number of UL SRS antenna ports to be multiplex result to 48, which is the same as in Rel-15 (i.e. comb-4 with CS=12). Clearly, this is not preferable from Rel-17 antenna port multiplexing capacity enhancement perspective. 
Even though UL SRS with comb-8 and CS=12 tolerates reduced channel delay spread compared with CS=6, the potential antenna port multiplexing enhancement can be seen as beneficial in some specific scenarios, e.g. indoors or channels where delay spreads less than 694ns (SCS=15 KHz), 347 ns (SCS=30KHz), 173ns (SCS=60KHz), 87ns (SCS=120KHz).Therefore, from system perspective, comb-8 with CS=12 needs to be supported in Rel-17. It is worth noting that the network take care of potential antenna port non-orthogonality problems by configuring UL SRS resources properly by restricting the use of some specific cyclic-shifts e.g. with small sequence lengths or channel conditions. 
Proposal 6: Support also CS=12 in Rel-17.


2.6	Antenna Switching Enhancements

	Agreement (RAN1#106e)
For antenna switching SRS, support maximum one SRS resource set for periodic SRS and maximum 2 SRS resource sets for semi-persistent SRS.
· Note: the two SP-SRS resource sets are not activated at the same time
· For xTyR where y>4, if UE does NOT support this feature, support maximum one SRS resource set for periodic SRS and maximum one SRS resource set for semi-persistent SRS
· Applies for all supported xTyR where y<=8
· For each xTyR antenna switching (except for 4T6R if supported), each periodic or semi-persistent resource set contains y/x resources.
This feature is UE optional: For UEs that do not support this feature, follow Rel-15 on the number of resource sets for periodic and semi-persistent SRS



According to RAN1#106e agreements, for each XTyR antenna switching configuration, each periodic or semi-persistent resource set contains y/x resources. The agreement is valid for 1T2R, 1T4R, 2T4R, 2T6R, 2T8R and 4T8R. However, due to required guard period subject to numerology, the agreement is not valid for 1T8R with all SCSs and 1T6R with SCS=120 KHz. To enable support in Rel-17 for periodic and semi-persistent 1T8R and 1T6R configurations, the above agreement needs to be extended such that aforementioned configurations support also two semi-persistent or periodic sets. More specifically, for 1T8R with all numerology options a total of six resources are transmitted in different symbols of two slots and where the SRS antenna port of each SRS resource in the given two sets is associated with a different UE antenna port. Furthermore, for 1T6R up to 60 KHz numerology, a total of eight resources transmitted in different symbols and where the SRS port of each SRS resource in the given set is associated with a different UE antenna port. Moreover, for 1T6R with 120 KHz numerology, a total of eight resources transmitted in different symbols of two slots and where the SRS port of each SRS resource in the given two sets is associated with a different UE antenna port.
Observation 2: Due to the guard period with different numerology options, it is not possible to support periodic or semi-persistent 1T8R and 1T6R antenna switching configurations with one resource set assumption. 

	Agreement
For two SRS resource sets of an xTyR antenna switching located in two consecutive slots, if UE is capable of transmitting SRS in all symbols in one slot, a minimum gap period of Y symbols exists between the last OFDM symbol occupied by the SRS resource set in the first slot and the first OFDM symbol occupied by the SRS resource set in the second slot
· The value of Y is same as the inter-resource GP defined in Rel-15 
· FFS: Whether or not the minimum GP exists can be RRC configurable subject to UE capability
· Whether this inter-set GP is needed for 4T6R can be discussed later per the decision on 4T6R configuration.
· FFS: How/Whether to handle the case where the interval between SRS resource sets is larger than Y



In RAN1-106bis-e meeting, it remained for further study whether or not the minimum GP  can be RRC configured subject to the UE capability. Since the introduction of Rel-15 specification the number of GP symbols have been determined according to a numerology. By following this principle in Rel-17, it can lead to a large resource overhead and latency as well as reduced flexibility, e.g. 1T8R with 2 or 3 or 4 resource sets (at minimum two slots required).  
From overhead and latency perspective, it would be preferable to support also a smaller number of GPs, subject to  the UE capability Therefore, from network perspective, the introduction of new UE capability regarding to the minimum GP is preferred. However, the indication of new minimum GP capability information as such is not sufficient for the network. In fact,  additionally, the network shall be also aware of the location of the GP between two resource sets within a same slot or two consecutive slots. For example, the UE may be configured with CA and the antenna for the PCell band may be shared with some other SCell bands under the CA. In this case, without the network having  understanding on the location of guard period(s), the allocated resource(s) not only for the PCell but also the resources for the SCell bands are to be lost. Therefore, to address aforementioned aspects, it is beneficial to establish a mechanism to allow a network know where the location of guard period(s) according to the UE capability and allow network to configure UL SRS resources within a resource set as well as some other resources, e.g., PDSCH to other bands in more efficient manner. Based on above discussion, minimum GP capability with time location information of GP symbol(s) is preferred with one of the following options: Option 1 specific rule is defined where GP is always located into first symbol(s) before gap (after the last symbol of the first set) or into last symbol(s) of the gap (before the first symbols of the second resource set).This option would enable to order the quality of the UE antenna ports according to UE capability. For instance, if the better antenna is always in the order of the switching, it is better to set the GP at the last symbol(s) of the gap meaning that antenna port 1 is mapped to a physical antenna with better performance than the physical antenna mapped to antenna port 2. Option2: UE explicitly indicates the time location of the guard period. 
Observation 3: To reduce both resource overhead and latencies as well as improve flexibility, it is beneficial to configure minimum guard period(s) within resource set and/or between different resource set(s) according to the UE capability.
Observation 4: In addition to minimum guard period capability information, it is beneficial for the network to have a understanding the location of minimum guard period. 
Proposal 7: Support the following periodic or semi-persistent antenna switching configurations:
· 1T8R with all numerology options: 
· a total of six resources transmitted in different symbols of two slots and where the SRS port of each SRS resource in the given two sets is associated with a different UE antenna port. 
· for 1T6R 
· up to 60 KHz numerologies :a total of eight resources transmitted in different symbols and where the SRS port of each SRS resource in the given set is associated with a different UE antenna port.
· with 120 KHz numerology, a total of eight resources transmitted in different symbols of two slots and where the SRS port of each SRS resource in the given two sets is associated with a different UE antenna port.
Proposal 8: Support minimum GP capability with time location information of GP symbol(s) by using one of the following options
· Option 1: specific rule is defined where GP is always located into first symbol(s) before gap (after the last symbol of the first set) or into the last symbol(s) of the gap (before the first symbols of the second resource set).
· Option 2: UE explicitly indicates the time location of the guard period.
3	Conclusions
In the previous sections, the following observations and proposal have been made:

Observation 1: To enable optimized system performance, the gNB and the UE should have a common understanding whether antenna ports and related antenna virtualization for UL SRS antenna transmission and DL DMRS reception have correspondence or not
Observation 2: Due to the guard period with different numerology options, it is not possible to support periodic or semi-persistent 1T8R and 1T6R antenna switching configurations with one resource set assumption.
Observation 3: To reduce both resource overhead and latencies as well as improve flexibility, it is beneficial to configure minimum guard period(s) within resource set and/or between different resource set(s) according to the UE capability.
Observation 4: In addition to minimum guard period capability information, it is beneficial for the network to have a understanding the location of minimum guard period.

Proposal 1: Support the following priority order between different UL SRS resource usage types (highest priority first in the list): antennaSwitching > codebook>noncodebook> >beamManagement. 
Proposal 2: Support MAC CE signaling to indicate the used SRS resources from the configured SRS resources in SRS resource set(s) for UL antenna switching.
Proposal 3: Support MAC CE signaling to update association between UL SRS triggering states and resource sets.
Proposal 4: Support indication of antenna virtualization/antenna port correspondence (e.g. RRC) in Rel-17 between UL SRS antenna ports and DL DMRS reception antenna ports.
Proposal 5: Confirm WA on support of 4 ports with Max CS=6.
Proposal 6: Support also CS=12 in Rel-17.
Proposal 7: Support the following periodic or semi-persistent antenna switching configurations:
· 1T8R with all numerology options: 
· a total of six resources transmitted in different symbols of two slots and where the SRS port of each SRS resource in the given two sets is associated with a different UE antenna port. 
· for 1T6R 
· up to 60 KHz numerologies :a total of eight resources transmitted in different symbols and where the SRS port of each SRS resource in the given set is associated with a different UE antenna port.
· with 120 KHz numerology, a total of eight resources transmitted in different symbols of two slots and where the SRS port of each SRS resource in the given two sets is associated with a different UE antenna port.
 
Proposal 8: Support minimum GP capability with time location information of GP symbol(s) by using one of the following options
· Option 1: specific rule is defined where GP is always located into first symbol(s) before gap (after the last symbol of the first set) or into the last symbol(s) of the gap (before the first symbols of the second resource set).
· Option 2: UE explicitly indicates the time location of the guard period.
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