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Background
In 3GPP RAN95-e meeting a new Rel-18 Work Item for NR “Further RF requirements enhancement for NR frequency range 1 (FR1)” has been approved [1]. One of the working areas of the WI is to “Enable 8Rx for CPE/FWA/vehicle/industrial devices” with the following objectives:
· Example bands:

· TDD bands: n41, n77/ n78

· FDD bands: n7

· Note 1: the total number of example band should be limited to 3. n77/n78 are considered as one band during the study.

· Note 2: other bands to be introduced in the release independent way later on from Rel-18

· Note 3: specifying requirements for TDD bands has first priority

· Specify the UE RF requirements to support 8Rx

· Study and specify the requirements to support SRS antenna switching for t1r8, t2r8, t4r8

· Discussion on t4r8 shall start after at least one PC for 4Tx is completed

· NOTE: Requirements are specified with phase approach. Objectives with 1st priority are considered first.

In the first part of this contribution the focus is on a discussion on the expected benefits of using 8Rx at the UE side for the considered type of devices in FR1. In the second part, the potential limitations of the current SRS antenna switching mechanism are pointed out with regards to the considered type of devices in this WI.
2
Discussion
2.1
Expected benefits of using 8Rx for CPE/FWA/vehicle/industrial devices
The impact on TS38.101-1 specification by introducing the support for 8 Rx at the UE is a set of new reference sensitivity power level values for FDD, TDD, SDL and FDD with variable duplex operation bands. Similar to the principle where the support for the 4 Rx was introduced by specifying a new parameter ΔRIB,4R, a new parameter ΔRIB,8R should be introduced which would indicate by which amount shall reference sensitivity for 2Rx antenna ports be modified in the case of UE equipped with 8 Rx antenna ports.
The exact value (of the increased performance) depends on a form factor of a device and its number of elements which would allow it. It may differ for CPE/FWA, vehicle and industrial type of devices. For FWA devices the expected improvement for a reference sensitivity is in a range from 0 to 3 dB compared with ΔRIB,4R value.
Observation 1: For FWA devices the expected improvement for a reference sensitivity is in a range from 0 to 3 dB compared with ΔRIB,4R value.

The improved performance with regards to reference receive sensitivity (noise factor) combined with the higher receiver antenna gain allows the improved coverage, which is in our view the main benefit for CPE FWA type of devices.
In terms of potential capacity improvement by using 8 Rx at the UE, it should be evaluated what is the achievable channel rank and thus the number of layers which could be used in the scenarios of interest. Since CPE FWA devices have typically a fixed position, the channels between them and corresponding Base Stations are mostly stationary, so our initial expectation is that a channel rank higher than 4 is not very probable. In practice, in dense and sparse suburban areas where FWA is deployed in FR1 range (e.g. in C-band) the capacity is typically the bottleneck, so it is hard to expect that this feature can compensate the need for a capacity boost which can be obtained by deploying millimeter wave FWA networks.
Due to their mobility, vehicle type of devices experience much more varied channel, but of course their relatively high speed impose a big challenge for a support of high number of layers.
2.2
Support of SRS antenna switching for t1r8, t2r8, t4r8

When the UE sounding procedure is used for downlink CSI acquisition, as specified in TS38.214, a UE is configured with the higher layer parameter usage in SRS-ResourceSet as ‘antennaSwitching’. A Rel-17 UE may be configured with either 1T8R, 2T8R or 4T8R based on its indicated capability of supportedSRS-TxPortSwitchBeyond4Rx-r17 being ‘t1r8’, ‘t2r8’ or ‘t4r8’, respectively.
A resource set may be configured with periodic, semi-persistent or aperiodic resourceType. In the case of periodic and semi-persistent resourceType, a minimum periodicity of one SRS resource is one slot, while in the case of aperiodic resourceType there may be multiple SRS resources in one slot. All the details with respect to the number of supported SRS resource sets, number of SRS resources per SRS resource set and the number of SRS ports per SRS resource for 1T8R, 2T8R and 4T8R configurations and all three cases of resourceType may be found in 6.2.1.2 [2] and will not be repeated here.
As the number of Rx antenna ports grows it becomes more challenging to have an accurate and timely downlink CSI based on uplink sounding, which is especially important for the vehicle type of device where the channel varies rapidly. If the SRS for a part of the channel bandwidth is received too late at the BS a corresponding DL MIMO transmission could suffer from “channel-aging” problem where the transmit precoder would not take into account the current (actual) state of the channel. 

For 1T8R with ‘periodic’ or ‘semi-persistent’ resourceType, in the best case there is one SRS resource transmitted in each consecutive slot (for periodicity equal to one slot) and thus minimum 8 slots are needed to fully sound the channel bandwidth. Typical TDD UL/DL configurations are consisted of more DL than UL slots, e.g. DDDSU, and thus it is not likely to expect that there are 8 or even 4 (needed in the case of 2T8R) consecutive slots available for SRS transmission. Even for UL oriented TDD UL/DL configurations some SRS resources would need to be transmitted on UL slots, i.e. “piggybacked” on PUSCH or PUCCH channels which would reduce their capacity, where it is already known that in NR the UL is more constrained than the DL. 
For 1T8R with ‘aperiodic’ resourceType, 8 SRS resources are grouped in either two, three or four SRS resource sets and are transmitted in different symbols of two, three of four different slots, respectively. One additional challenge in the scenario of scheduling of more than one SRS resources in the same slot is the introduced guard period of Y symbols between two SRS resources in a set. Its negative impact can be nicely illustrated in the common case where SRS is transmitted in special (S) slots during flexible (F) symbols, where a typical slot format of a special slot is 10:2:2 (2 available flexible symbols). Even if the SRS resource length (nrofSymbols in resourceMapping) is set to the minimum value of 1, two SRS resources could not be transmitted during two flexible symbols since after the transmitted first SRS resource a guard period is initiated. Note that if one SRS resource belong to resource set with ‘antennaSwitching’ usage and the other SRS resource transmitted in different symbols of the same slot belong to resource set with some other usage (e.g. ‘beamManagement’), the guard period is not needed between the two. Thus, we make the following proposal:
Proposal 1: Remove the requirement for a guard period between two SRS resources transmitted in different symbols of the same slot belonging to the same SRS resource set with ‘antennaSwitching’ usage. That will allow the base station to have an accurate and timely CSI based on SRS sounding, which is especially important for a UE configured with xTyR where y≥4. 
3
Conclusion

In this contribution, we have shared our initial reflection on enabling 8Rx for CPE/FWA/vehicle/industrial devices in NR FR1 and we have made the following observation and proposal:
Observation 1: For FWA devices the expected improvement for a reference sensitivity is in a range between 0 and 3 dB compared with ΔRIB,4R value.
Proposal 1: Remove the requirement for a guard period between two SRS resources transmitted in different symbols of the same slot belonging to the same SRS resource set with ‘antennaSwitching’ usage. That will allow the base station to have an accurate and timely CSI based on SRS sounding, which is especially important for a UE configured with xTyR where y≥4. 
4
References

[1] RP-220987, “New WID on Further RF requirements enhancement for NR frequency range 1 (FR1)” 
[2] 3GPP TS38.214 V17.2.0, “Physical layer procedures for data”
3GPP


