3GPP TSG RAN WG1 Meeting #91	 R1-1719821
Reno, USA, November 27th – December 1st, 2017

Agenda Item:	7.2.3.8
Source:	Huawei, HiSilicon
[bookmark: _GoBack]Title:	Remaining details of SRS antenna switching
Document for:	Discussion and decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#90bis [1], the following agreements were made for SRS antenna switching:
	Agreement:
· For 1T2R or 2T4R antenna switching within an active BWP of a component carrier, NR supports inter-slot and intra-slot antenna switching
· The UE is configured with two SRS resources which are both 1 symbol or both 2 symbols, where
· For 1T2R: Both resources are single-port, and the port of the 2nd resource is associated with a different UE antenna than the port of the 1st resource
· For 2T4R: Both resources are 2-port, and the port pair of the 2nd resource is associated with a different UE antenna pair than the port pair of the 1st resource
· For inter-slot antenna switching, the two SRS resources are TDM’d at slot level
· For intra-slot antenna switching, the two SRS resources are TDM’d. They may be configured with a guard period of Y symbols in between to account for the Tx switching transient time (e.g., enough symbols to account for 15 us according to RAN4, based on UE capability)
· The UE does not transmit any other signal during the guard period
· For intra-slot, aperiodic triggering of the two SRS resources configured for antenna switching is supported. FFS: aperiodic triggering for inter-slot.
· NR supports 1T4R antenna switching within an active BWP of a component carrier
· The UE is configured with 4 SRS resources which are all single-symbol and single-port
· Each port of the 4 resources is associated with a different UE antenna
· FFS: Inter-/intra-slot switching
· FFS: Aperiodic triggering of the 4 SRS resources
· FFS: how to provide the eNB with UE requirements on the number of SRS resources and the number of ports per resource for the purposes of Tx antenna switching
· FFS: UE behaviour in case of power difference between primary Tx antenna(s) and secondary Rx antenna(s)



In this contribution, we provide our views on detailed SRS antenna switching design. 
[bookmark: _Ref129681832]Discussion on Antennas Switching for SRS transmission
Discussion on 1T2R and 2T4R SRS antenna switching
For 1T2R and 2T4R SRS antenna switching, the UE will be configured with two SRS resources with different antennas. In particular, the number of ports of each SRS resource is 1 and 2 for 1T2R and 2T4R, respectively. The two SRS resources can be in one SRS resource group for SRS antenna switching.

In LTE, the relation between and anetnna index is specified. In NR, the relation between SRS resource and antenna indexes should also be known for UE for the following reasons:
· UE will not change its antenna during the transmission of one SRS resource
· Tx antenna indication for SRS and PUSCH transmission based on SRI.
For UE with 1T2R and 2T4R, there are two groups of antennas that cannot transmit simultaneously, and the virtual antenna index for each antenna group can be found in Table 1 as an example. In this example, for the case of 2T4R, antenna indexes 0 and 1 correspond to two antennas that can be used for UL transmission simultaneously, and antenna indexes 2 and 3 correspond to another two antennas.
Table 1 Association between antenna group and antenna indexes
	Antenna group index
	Antenna index for 1T2R
	Antenna index for 2T4R

	Antenna group 0
	{0}
	{0, 1}

	Antenna group 1
	{1}
	{2, 3}



Therefore, the relation between the two antenna groups and the two configured SRS resources can be determined in a pre-defined way, e.g., based on the relative relation between the SRIs of the two SRS resources as in Table 2.
Table 2 Association between SRS resource and antenna indexes
	SRS resource
	Antenna group index
	Antenna index for 1T2R
	Antenna index for 2T4R

	With smaller SRI
	Antenna group 0
	{0}
	{0, 1}

	With larger SRI
	Antenna group 1
	{1}
	{2, 3}



After configuring the two SRS resources in one SRS resource group, gNB can configure the parameter SRS-AntSwitching for the SRS resource group by RRC signaling. Based on Table 2, UE will determine the antennas associated with each SRS resource.
Proposal 1: Support pre-defined relation between SRS resources and antenna indexes, e.g., based on the relative relation between the SRIs of the SRS resources.
For aperiodic SRS antenna switching, it was agreed that at least intra-slot antenna switching is supported, where a Y-symbol guard period is necessary between two SRS resources for antenna switching. In [2], the antenna switching time is considered to be 15us. For the case of sub-carrier spacing 15KHz, 30KHz and 60KHz, Y=1 is enough for antenna switching. However, for larger sub-carrier spacing, e.g., 120KHz, Y=2 or some larger value are necessary. One solution is to define Y as the number of symbols cover the maximum switching guard period, i.e., 15us, for different numerologies. Nevertheless, for UE with different switching capability, reporting of preferred value of Y may help gNB to minimize the guard period between two SRS resources, and therefore improve resource utilization. 
Additionally, if UE support multiple frequency bands, e.g., sub-6GHz and 28GHz, the necessary guard period for these frequency bands may be different. Thus, UE may need to report multiple preferred value of Y for the supported frequency bands.
Proposal 2: Support UE to report the preferred symbol-level guard period for antenna switching.
Moreover, since at least 2+Y or 4+Y symbols are needed in one slot for intra-slot SRS antenna switching, the number of available PUSCH symbols is limited, especially for the large value of Y in the case of large sub-carrier spacing. Furthermore, if Y>2, intra-slot antenna switching for 2-symbol SRS resource will not be allowed. Hence, it is preferred to support inter-slot SRS antenna switching, where the two SRS resource are transmitted in different slots. By inter-slot SRS antenna switching, at most 13 symbols in one slot can be used for PUSCH transmission. In particular, inter-slot SRS antenna switching can be realized by configuring different slot-level time offsets for aperiodic SRS. Consequently, it is gNB implementation to realize inter-slot SRS antenna switching for aperiodic SRS.
Observation 1: It is gNB implementation to support inter-slot SRS antenna switching for aperiodic SRS by configuring different slot-level time offsets for each SRS resource.
Proposal 3: Support inter-slot SRS antenna switching by configuring SRS resource in different slots for aperiodic SRS.
Discussion on 1T4R SRS antenna switching
For UE with 1T4R, it is also necessary to support aperiodic SRS antenna switching. Similar to the case of 1T2R and 2T4R, gNB may configure 4 SRS resources with 1 port each and with different antennas. The relation between SRS resources and antenna index can also be determined based on the relative relation between the SRIs of the 4 SRS resources. An example is given in Table 3, assuming the SRI of the four SRS resource are {SRI0, SRI1, SRI2, SRI3} and SRI0<SRI1<SRI2<SRI3.
Table 3 Association between SRS resource and antenna indexes
	SRS resource
	Antenna index for 1T4R

	SRI0
	{0}

	SRI1
	{1}

	SRI2
	{2}

	SRI3
	{3}


However, if intra-slot SRS antenna switching is supported, at least 4+3Y symbols are needed. Therefore, there may be only 7 symbols for PUSCH transmission if Y=1. In order to support the aperiodic SRS antenna switching for the case of 1T4R, inter-slot aperiodic SRS antenna switching is also needed. Moreover, it is also possible to configure two SRS resources in one slot and another two SRS resources in another slot. Thus, intra-slot + inter-slot SRS antenna switching can also be supported in NR. Similar to the discussion in Section 2.1, it is gNB implementation to realize inter-slot SRS or intra-slot + inter-slot antenna switching for 1T4R by configuring different slots offset for periodic/semi-persistent SRS and different time offsets / starting symbols between DCI and triggered SRS transmissions for aperiodic SRS.
Observation 2: It is gNB implementation to support inter-slot and intra-slot + inter-slot SRS antenna switching for periodic, semi-persistent and aperiodic SRS by configuring different time domain configurations for each SRS resource.
Proposal 4: Support inter-slot and intra-slot + inter-slot SRS antenna switching for UE with 1T4R for periodic, semi-persistent and aperiodic SRS.
Furthermore, if intra-slot SRS antenna switching is supported, 7 or less symbols for PUSCH will restrict the PUSCH scheduling. Therefore, we prefer to introduce SRS slot, in which 14 symbols are used for SRS transmission only, which is illustrated in Figure 1. 


Figure 1. Example of SRS-only slot for SRS antenna switching
Proposal 5: If intra-slot SRS antenna switching is supported for UE with 1T4R, SRS-only slot should be supported for intra-slot aperiodic SRS antenna switching.
Conclusions
Based the discussions above, we have the following observations and proposals:
Observation 1: It is gNB implementation to support inter-slot SRS antenna switching for aperiodic SRS by configuring different slot-level time offsets for each SRS resource.
Observation 2: It is gNB implementation to support inter-slot and intra-slot + inter-slot SRS antenna switching for periodic, semi-persistent and aperiodic SRS by configuring different time domain configurations for each SRS resource.

Proposal 1: Support pre-defined relation between SRS resources and antenna indexes, e.g., based on the relative relation between the SRIs of the SRS resources.
Proposal 2: Support UE to report the preferred symbol-level guard period for antenna switching.
Proposal 3: Support inter-slot SRS antenna switching by configuring SRS resource in different slots for aperiodic SRS.
Proposal 4: Support inter-slot and intra-slot + inter-slot SRS antenna switching for UE with 1T4R for periodic, semi-persistent and aperiodic SRS.
Proposal 5: If intra-slot SRS antenna switching is supported for UE with 1T4R, SRS-only slot should be supported for intra-slot aperiodic SRS antenna switching.
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