Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG1 Meeting #104-bis-e	Tdoc R1-2102723
e-Meeting, 12th – 20th April 2021

Agenda Item:	8.6.1.2
Source:	Ericsson
Title:	Reduced number of Rx branches for RedCap
Document for:	Discussion, Decision
1	Introduction
[bookmark: _Toc67770514]In this contribution, we present our views on how a reduced minimum number of Rx branches can be supported for RedCap UEs. According to ‎[1], the objective on reduced minimum number of Rx branches is as follows.
	· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:
· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· A means shall be specified by which the gNB can know the number of Rx branches of the UE.




In RAN1#104e, the following agreement on reduced minimum number of Rx branches was reached ‎[2]:
	Agreements:
· [bookmark: _Hlk67317898]For reduced minimum number of Rx branches in FR1 and FR2 frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports:
· [bookmark: _Hlk67317840]FFS: need for solutions to reduced PDCCH blocking
· FFS: need for reporting of UE antenna related information to gNB (e.g., # of panels, polarization, etc.)
· Information related to the reduction of the number of antenna branches is assumed to be known at the gNB (either implicitly or explicitly, to be FFS)




In following sections, we discuss and investigate the open issues based on the above agreement.
2	PDCCH blocking rate
PDCCH blocking probability is defined as the probability that all PDCCH candidates for scheduling of a UE are blocked (or overlapped) by candidates used for other UEs. That is, blocking probability is the ratio of the number of blocked UEs to the number of all UEs that need to be scheduled. Note that blocking probability depends on various factors such as the number of UEs which need to be scheduled (may depend on the traffic), CORESET size (i.e., number of CCEs), number of PDCCH candidates, and PDCCH link performance/coverage (which affects the required aggregation level, AL). Reducing the number of Rx branches degrades the link performance and coverage. Therefore, for a given PDCCH BLER-performance target, higher ALs may be needed for RedCap UEs to compensate for the coverage loss. Generally, the PDCCH blocking rate increases when higher ALs are used. This means that reducing the number of Rx branches can result in a higher PDCCH blocking rate. 
We have used the link BLER-performance together with SINR distribution — obtained from system-level simulations — to quantitively investigate the impact of reducing the number of Rx branches on PDCCH blocking rate at carrier frequencies of 28 GHz (FR2) and 2.6 GHz (FR1). Our simulation assumptions have been based on the link-level and system-level assumptions in ‎[3], and the details of parameters for blocking probability analysis are provided in Table 1.
[bookmark: _Ref67048145]Table 1: Parameters for blocking probability analysis.
	ALs
	[1, 2, 4, 8, 16]

	Number of PDCCH candidates for each AL
	FR1: [6, 5, 4, 2,1]
FR2: [4, 3, 1, 1, 1]

	Number of UEs
	Ranging from 2 to 20

	2-symbol CORESET size (number of CCEs)
	FR1: 16
FR2: 22



Figure 1 and Figure 2 show the PDCCH blocking rate for a scenario with 25% RedCap UEs and 75% legacy UEs at carrier frequencies of 28 GHz and 2.6 GHz, respectively. In these figures, we have compared the PDCCH blocking rate for 1 Rx branch with that for 2 Rx branches, while the total number of the scheduled UEs changes from 2 to 20. By increasing the number of the scheduled UEs, the impact of reducing the number of Rx antennas on blocking probability becomes significant. However, the number of simultaneously-scheduled UEs is expected to be between 1 and 5. As shown in the figures, for the operational region of 1–5 scheduled UEs, the impact of reducing the number of Rx branches on PDCCH blocking probability is small.
[image: ]
[bookmark: _Ref67318075]Figure 1: Blocking probability for FR1, 2.6 GHz.
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[bookmark: _Ref67056222]Figure 2: Blocking probability for FR2, 28 GHz.

[bookmark: _Toc68673389]Considering the operation region of 1 to 5 scheduled UEs, the impact of reducing the number of Rx branches on PDCCH blocking probability in FR1 and FR2 frequency bands is small.

[bookmark: _Toc68673395]There is no need to introduce solutions in Rel-17 RedCap WI for reducing PDCCH blocking rate.

3	Reporting of UE antenna information
In RAN1#104-e, it was agreed to further study whether there is a need for reporting of a RedCap UE’s physical antenna configuration to the gNB. We will first discuss the aspects related to the UE’s physical antenna configuration in FR2. The FR1 aspects are discussed towards the end of this sub-section. 
In FR2, the physical antenna configuration could include the number of antenna panels, the number of antenna elements per panel and their polarization support. The radiated power requirements specified in TS 38.101-2 do not explicitly indicate the antenna configuration considered for an NR UE operating in FR2 ‎[4]. However, TR 38.817-01 indicates that power class 3 definitions, e.g., min peak EIRP (Equivalent Isotopically Radiated Power) and spherical coverage, are based on a de facto standard implementation of a single transmitter connected to a pair of antenna panels, with each panel supporting four dual polarized antenna elements ‎[5]. Furthermore, TR 38.817-01 also indicates that transmission on a single antenna panel is enough for the min peak EIRP measurement, and that a dual antenna panel configuration is needed for meeting the spherical coverage requirements. 
At the receiver side, the reference sensitivity requirements requires the use of two receiver branches (see [6]). Since FR2 supports only TDD bands, the receiver branches are expected to be connected to the same antenna configuration as the transmitter branches. This is also confirmed by, e.g., [7], which indicates that each receiver is connected to an antenna panel comprising four antenna elements. The EIS (Effective Isotropic Sensitivity) spherical coverage was defined based on the EIRP spherical coverage requirement, implying that it was based on two antenna panels, each supporting 4 antenna elements.
The above observations are summarized in Table 2 to indicate a reference FR2 NR UE implementation that can meet the RAN4 requirements for power class 3. It needs to be emphasized that the table below presents an indication of a possible NR UE antenna configuration in FR2 and does not preclude that UE vendors from using other implementations that fulfil the RAN4 requirements.
For a RedCap UE, however, RAN1 did not make any assumptions during the SI phase on the physical antenna configuration that can be used as a reference for RedCap UEs in FR2. In fact, in RAN1#102-e, it was concluded that the study on reduced number of UE physical antenna elements and panels is not prioritized in the RedCap SI.
	Conclusion:
· The study of reduced number of UE (physical) antenna elements and panels in FR2 is not prioritized in the RedCap study item.




[bookmark: _Ref67699811]Table 2: Summary of reference UE implementation in FR2.
	FR2
	NR UE
	RedCap UE

	Reference physical antenna configuration
	2 antenna panels, each panel supporting 4 dual polarized antenna elements (power class 3).
	RAN1 did not make any assumptions on the physical antenna configuration during the SI/WI phase.

	Minimum number of antenna branches
	2 Rx branches
1 Tx branch
	1 Rx branch
1 Tx branch



However, the EIRP values considered in the link-budget evaluation performed during the SI phase indicate that RedCap UEs belong to power class 3. Therefore, a similar reference physical antenna configuration as for an NR UE can be assumed for a RedCap UE, unless RAN4 introduces new radiated power requirements for RedCap UEs during the WI phase. 
With regards to the FFS on reporting of a RedCap UE’s physical antenna configuration, in our understanding, the intention is to report this information on a long-term basis to the gNB (e.g., using new parameters during UE capability reporting), and the network should somehow take this information into account while configuring and scheduling the UE. However, typically, the scheduler would be agnostic to the physical antenna configuration at the UE. Furthermore, in Rel-15/16, the network is transparent to the handling of panel/elements at the UE. Instead, the network controls the transmission and reception directions (or spatial domain filters) at the UE by configuring/triggering the UE to report measurements based on certain resources (e.g., SSB/CSI-RS), and by signaling TCI states and spatial relations to the UE based on the received reports. This avoids the need for any explicit reporting of UE’s physical antenna configuration, leading to high degree of implementation flexibility at the UE. The reporting of polarization supported by the UE can be useful in scenarios where the UE is stationary (and non-rotating) and there is LoS between the UE and the gNB. However, even for industrial wireless sensors, which are likely to be deployed in FR2 bands and are typically stationary, LoS cannot be guaranteed between the UE and the gNB. Due to these reasons, it is difficult to see the usefulness of a RedCap UE’s antenna configuration report, unless specific use cases are identified. In our view, it is sufficient that a RedCap UE meets the RAN4 requirements and performs measurements and reporting (e.g., RSRP, CQI, etc.) as in Rel-15/16.
As described earlier, the number of panels, the number of elements per panel and their polarization support implicitly define a UE’s power class capabilities and reference sensitivity. Unless RAN4 specifies otherwise, it is reasonable to assume that the RedCap UEs belong to the same power class as the reference NR UEs, and hence, they are likely to support similar configuration of physical antennas. Therefore, the potential need for reporting enhancements related to the physical antennas would probably be best first discussed for NR UEs in general in a different WI. It is also worth noting that there are ongoing discussions in the NR_FeMIMO WI on UE-initiated uplink panel selection/activation for facilitating fast uplink panel selection. This feature can be made available for RedCap UEs, if found beneficial. Hence, we do not think that RedCap-specific reporting enhancements should be considered in the Rel-17 RedCap WI. This will also help to avoid unnecessary specification work on how to report physical antenna configuration pertaining to different UE implementations. 
[bookmark: _Hlk67570112]The above discussion was mainly focused on FR2. In FR1, on the other hand, the physical antenna configuration typically only includes the number of antennas and their polarization support. The UE requirements in FR1 are based on conducted measurements, and the UE’s implementation of physical antennas is outside of 3GPP’s scope. However, it is highly likely that each physical antenna is driven by a transceiver branch in FR1. Therefore, the number of physical antennas is likely to be the same as the number of transceiver branches. Nevertheless, like in FR2, we don’t see any significant benefit from reporting of UE’s physical antenna configuration in FR1. 
[bookmark: _Toc68673390]In FR2, the number of panels, the number of elements per panel and their polarization support implicitly define a UE’s power class capabilities and reference sensitivity.
[bookmark: _Toc68673391]It is reasonable to assume that the RedCap UEs belong to the same power class as the reference NR UEs, and hence, they are likely to support similar configuration of physical antennas.
[bookmark: _Toc68673392]It is sufficient that a RedCap UE meets the RAN4 requirements and perform measurements and reporting (e.g., RSRP, CQI, etc.) as in Rel-15/16. The usefulness of a RedCap UE’s physical antenna configuration report beyond the Rel-15/16 measurement and reporting framework is not clear.
[bookmark: _Toc68673396]RedCap-specific reporting enhancements related to UE’s physical antenna configuration are not considered further in the Rel-17 RedCap WI.

[bookmark: _Hlk67575589]In RAN1#104-e, it was also agreed that the information related to the number of Rx branches at the UE will be made available to the gNB. It is FFS how this information will be reported — whether explicitly or implicitly. In Rel-15/16, there is no explicit indication of number of Rx branches from the UE to the gNB. In fact, in Rel-15/16, it is only needed that the UE report the maximum number of DL spatial multiplexing layers supported by the UE (using the parameter maxNumberMIMO-LayersPDSCH) and perform CSI reporting. For RedCap, however, it has been argued that the gNB needs to know the number of Rx branches to enable the network to appropriately handle such UEs (e.g., to control their access to cells if desired). To reduce reporting overhead and to avoid unnecessary specification work, the number of Rx branches supported by a RedCap UE can be reported implicitly via the capability parameter maxNumberMIMO-LayersPDSCH. That is, gNB can infer the number of Rx branches supported by a RedCap UE based on maxNumberMIMO-LayersPDSCH and RedCap UE indication. 
Table 3: Indication of number of Rx branches for a RedCap UE
	maxNumberMIMO-LayersPDSCH
	Number of Rx branches

	1 (or absent)
	1

	2
	(at least) 2



[bookmark: _Toc68636458][bookmark: _Toc68673393]In Rel-15/16, there is no explicit indication of number of Rx branches from the UE to the gNB.
[bookmark: _Toc68673394]From RAN1 perspective, the number of Rx branches supported by a RedCap UE can be reported implicitly via the capability parameter maxNumberMIMO-LayersPDSCH. Detailed signaling solution is up to RAN2. 

[bookmark: _Toc67669165][bookmark: _Toc67770532][bookmark: _Toc67669166][bookmark: _Toc67669167]4	Conclusion
In the previous sections we made the following observations: 
Observation 1	Considering the operation region of 1 to 5 scheduled UEs, the impact of reducing the number of Rx branches on PDCCH blocking probability in FR1 and FR2 frequency bands is small.
Observation 2	In FR2, the number of panels, the number of elements per panel and their polarization support implicitly define a UE’s power class capabilities and reference sensitivity.
Observation 3	It is reasonable to assume that the RedCap UEs belong to the same power class as the reference NR UEs, and hence, they are likely to support similar configuration of physical antennas.
Observation 4	It is sufficient that a RedCap UE meets the RAN4 requirements and perform measurements and reporting (e.g., RSRP, CQI, etc.) as in Rel-15/16. The usefulness of a RedCap UE’s physical antenna configuration report beyond the Rel-15/16 measurement and reporting framework is not clear.
Observation 5	In Rel-15/16, there is no explicit indication of number of Rx branches from the UE to the gNB.
Observation 6	From RAN1 perspective, the number of Rx branches supported by a RedCap UE can be reported implicitly via the capability parameter maxNumberMIMO-LayersPDSCH. Detailed signaling solution is up to RAN2.

Based on the discussion in the previous sections we propose the following:
Proposal 1	There is no need to introduce solutions in Rel-17 RedCap WI for reducing PDCCH blocking rate.
Proposal 2	RedCap-specific reporting enhancements related to UE’s physical antenna configuration are not considered further in the Rel-17 RedCap WI.
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