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Background
In 3GPP RAN#96 meeting a revised WID for Rel-18 Work Item on “Further RF requirements enhancement for NR and EN-DC in 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” where for the defined example bands the two main objectives are:
· 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

In 3GPP RAN4#104-e meeting, a Way Forward [2] has been approved with the following selected agreements:
1.1 How to determine the ΔRIB, 8R?

< Way forward >: 

· Study possible performance of ΔRIB, 8R in NR devices compared to LTE 

· Considering the fact NR 8Rx aims for CPE/FWA/vehicle/industrial devices while LTE 8Rx aims for any types of UE 

· As impacted factors, ILs, couplings among Rx paths, and antenna correlation should be studied. Other factors are not precluded.

1.2 How to determine the ΔTRxSRS for 1T8R/2T8R AS-SRS?
< Agreement from GTW >:

· Further study ΔTRxSRS for 1T8R/2T8R AS-SRS considering the following aspects:

· Ils, form factor and the number of Rx/Tx antennas as impacted factors

· CPE/FWA/vehicle/industrial devices specific assumption

· The impact of larger SRS IL on the NW performance

· Further study if the assumption that zero delta is applied for the transmission power calculation for the first SRS resource still valid

· ΔTRxSRS for 4T8R AS-SRS will be discussed after 4Tx requirement is completed.

4.1 Whether guard period between xTyR (y>=4) AS-SRS resources within one resource set needs to be kept.
< Way forward >: 

· Further study if 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.

· Check if this has RAN1 spec impact.
In the first part of this contribution, the focus is on a discussion on the reasonable value for ΔRIB,8R taking into account the considered types of devices in this WI. In the second part, ΔTRxSRS requirement is discussed under the same circumstances while in the last part it is proposed to remove the guard period between two SRS resources transmitted in different symbols of the same slot belonging to the same SRS resource set with ‘antennaSwitching’ usage.
2
Discussion
2.1
REFSENS requirement for 8Rx
In LTE, ΔRIB,8R requirement, which indicates by which amount shall reference sensitivity for 2Rx antenna ports be modified in the case of UE equipped with 8 Rx antenna ports, is specified for bands 41, 42 and 43 and is equal to -4dB [3]. Compared with ΔRIB,4R requirement for the same bands, the improvement in reference sensitivity is by 1.3dB for band 41 (ΔRIB,4R = -2.7dB) and by 1.8dB for bands 42 and 43 (ΔRIB,4R = -2.2dB). Such a “modest” improvement of 1.8dB in the best case was influenced by the considered types of devices, which included the handheld ones. For handheld devices, it was argued that the diversity gain could not reach 3dB (compared with ΔRIB,4R) due to complexities of front-end design, where putting higher number of RF chains and antennas in a very limited area would increase the antenna coupling losses. Moreover, for the typical design there is an imbalance between different antennas due to their locations and their different distance to a corresponding LNA and modem which could vary considerably (it is well known the importance of placement of the LNA due to its impact on the noise figure).
In this Work Item, the handheld type of devices is precluded, and in the following the focus will be on CPE FWA type of devices. Despite the potential larger size of a CPE device compared with a handheld one, due to its smaller complexity in general (e.g. fewer supported operating bands meaning fewer other antenna elements to be supported for support of e.g. lower bands, very limited mobility etc.), it is expected to have more freedom when it comes to front-end design, including PCB layout, RF chains, antenna locations etc. The antennas could be expected to be placed such that they form an antenna array which can be directed towards the BS and thus provide the gain (due to a fixed position of the device). There would also be more freedom in locating the LNA for all the antenna elements without large differences in routing loss between elements as compared to handheld devices. Finally, for typical handheld devices the quality of Rx (diversity) antennas could be considerably lower than the quality of Tx antennas and it is reasonable to expect that such difference is smaller to some extent for CPE devices. For those reasons, in our view for NR CPE devices the value of ΔRIB,8R should be even lower than -4dB (higher gain with 8Rx for NR CPE devices compared with LTE).
Proposal 1: For NR CPE devices the value of ΔRIB,8R should be even lower than -4dB (higher gain with 8Rx for NR CPE devices compared with LTE).
2.2
ΔTRxSRS requirement for 8Rx

ΔTRxSRS requirement is currently specified for UEs which indicate SRS-TxSwitch capability as ‘t1r2’, 't1r1-t1r2', 't1r4', 't1r4-t2r4', 't1r1-t1r2-t1r4', 't1r1-t1r2-t2r2-t1r4-t2r4', 't2r4', ' t1r4-t2r4' or 't1r1-t1r2-t2r2-t2r4' or 't1r1-t1r2-t2r2-t1r4-t2r4' [4]. In short, whenever UE transmits SRS on an antenna different than the main one(s) (Rx diversity antennas), the relaxation due to the additional insertion loss (IL) in the configured maximum output power is allowed: 4.5dB for bands whose FUL_high is higher than the FUL_low of n79 and 3 dB for bands whose FUL_high is lower than the FUL_low of n79 (for PC3, PC5 and PC1.5). 

The focus of this WI will be first on specifying ΔTRxSRS for ‘t1r8’, ‘t2r8’ and ‘t1r8-t2r8’ SRS-TxSwitch capabilities. If we compare typical implementation architectures with 4Rx and 8Rx from the insertion loss perspective, we may expect one or more additional switching modules for the “worst-case” positioned antennas in the 8Rx case, as well as longer PCB trace/RF cable length. That could motivate even higher ΔTRxSRS values compared with 4Rx case, but in our view, we should be careful when deciding on them since with too relaxed values we may no longer have any benefit with 8Rx (e.g. the possibility to have more than 4 layers). Combining too high allowed ΔTRxSRS with a potentially poor-quality antenna element could severely impact the reception at the BS.

 ΔTRxSRS for 4Rx case has been specified considering the worst-case insertion loss of each individual switch and PCB trace for the worst positioned antenna. Having even more components, the assumption that each one of them performs in the worst possible conditions simultaneously becomes even less realistic, which could be observed also in practice. Thus, the assumption on considering simultaneously the worst-case scenarios for the additional insertion losses originating from switches, filters and PCB trace/routing losses should be revisited. Moreover, the ΔTRxSRS is measured at the antenna connectors and thus does not include the impact of differences in the antenna gains between connectors as noted above. For CPE these differences may be smaller, but it is nevertheless important to reduce the margins for ΔTRxSRS for adequate reciprocal CSI estimation.
Observation 1: The assumption on considering simultaneously the worst-case scenarios for the additional insertion losses originating from switches, filters and PCB trace/routing losses should be revisited.
2.3
Impact of the guard period between SRS resources on the performance 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.
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 (periodic, semi-persistent and aperiodic) may be found in 6.2.1.2 [5] 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. 

One additional challenge in the scenario of scheduling of more than one SRS resources transmitted in different symbols of the same slot belonging to the same SRS resource set with ‘antennaSwitching’ usage is the introduced guard period of Y symbols between each two SRS resources. Note that if one SRS resource belong to a resource set with ‘antennaSwitching’ usage and the other SRS resource transmitted in different symbols of the same slot belong to a resource set with some other usage (e.g. ‘beamManagement’), the guard period is not required between the two.
The problem with the guard period could be illustrated in the example of a typical downlink oriented TDD UL/DL configuration DDDSU where the slot format of the special slot (S) is 10:2:2 and where more than one SRS resource should be transmitted in different symbols during a slot. Even if the SRS resource length (nrofSymbols in resourceMapping) is set to the minimum value of 1, if one SRS resource is transmitted during the first UL symbol of the special slot, the guard period forbids any other UL transmission during the second UL symbol. “Piggybacking” SRS resource to PUSCH during the UL slot would reduce the throughput performance on the UL.
Thus, we support proposal 4.1 from the WF [2] to 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.
Proposal 2: We support proposal 4.1 from the WF to 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. 
3
Conclusion

In this contribution, we have shared our view on reasonable values for ΔRIB,8R and ΔTRxSRS, as well as supported the proposal from the WF to 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. We have made the following proposals and the observation:
Proposal 1: For NR CPE devices the value of ΔRIB,8R should be even lower than -4dB (higher gain with 8Rx for NR CPE devices compared with LTE).
Observation 1: The assumption on considering simultaneously the worst-case scenarios for the additional insertion losses originating from switches, filters and PCB trace/routing losses should be revisited.
Proposal 2: We support proposal 4.1 from the WF to 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.
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