3GPP TSG-RAN WG4 Meeting #99-e
R4-2109618 
Electronic Meeting, 19 May – 27 May, 2021
Source: 
vivo
Title: 
Initial discussion on RRM impacts for Redcap

Agenda Item:
9.19.2
Document for:
Discussion
1. Introduction
The revised WI “Support of reduced capability NR devices” [1] was approved at RAN 91e meeting. The objectives of this WI are copied below: 

· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:

· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. 
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz.
· 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.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.
· Duplex operation:

· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)
· Specify definition of one RedCap UE type including capabilities for RedCap UE identification and for constraining the use of those RedCap capabilities only for RedCap UEs, and preventing RedCap UEs from using capabilities not intended for RedCap UEs including at least carrier aggregation, dual connectivity and wider bandwidths. [RAN2, RAN1]

· The existing UE capability framework is used; changes to capability signalling are specified only if necessary.

· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and Msg A if supported, including the ability for the early indication to be configurable by the network. [RAN2, RAN1]

· Specify a system information indication to indicate whether a RedCap UE can camp on the cell/frequency or not; it shall be possible for the indication to be specific to the number of Rx branches of the UE. [RAN2, RAN1] 

· Specify necessary updates of UE capabilities (38.306) and RRC parameters (38.331). [RAN2]

· Specify support for the following Extended DRX enhancements for RedCap UEs [RAN2, RAN3, RAN4]:

· Extended DRX for RRC Inactive and Idle with eDRX cycles up to 10.24 s, without using PTW and PH, and with common design (e.g. common set of eDRX values) between RRC Inactive and Idle
· Extended DRX for RRC Inactive and Idle with eDRX cycles up to 10485.76 s; the details of mechanisms and feasibility regarding maximum length of the extended DRX cycles for RRC Inactive and Idle need to be checked by SA2, CT1 and/or RAN4.
· RAN2 to decide which Node(s) configure eDRX in RRC_Idle and RRC_Inactive.
· RRM relaxations for neighbouring cells for RedCap devices: for RRC_Idle/Inactive/Connected, considering the alternatives identified in the RedCap SI:

· Study until RAN#92e, and, if agreed, specify RRM measurement relaxation criteria (where, for RRC_Idle/Inactive the Rel-16 mechanism is the baseline, and for RRC_Connected the mechanism reuses the Rel-16 RRM relaxation criteria from RRC_Idle/Inactive so as to maximize the commonality with Idle/Inactive UEs) [RAN2]

· Enabling/disabling of RRM relaxation should be under the network’s control. Specify both broadcast and dedicated signalling for enabling/disabling of RRM relaxation.
· After RAN#92e, if agreed in RAN2, specify RRM measurement relaxation [RAN4]

· No RRM relaxations are specified for the serving cell. 

· Specify RAN4 core requirements for the above. 
In this contribution initial analysis on the RRM impacts for Redcap are provided.
2. Discussion
1. Reduced minimum number of Rx branches
One noticeable feature introduced by Redcap is the minimum number of RX branches has been reduced. Particularly, the following two items were agreed: 

· 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.
The change on the minimum number of Rx branches will have significant impact on RRM requirements. For example, for the measurement procedure related requirements in RRC_CONNECTED state, the intra-frequency, inter-frequency and inter-RAT requirements are defined based on the 2 searchers assumption. With the reduction on the minimum RX branches, these requirements should be re-evaluated and the measurement periods need be increased, for example intra-frequency measurement period, inter-frequency measurement period are foreseen.
Observation 1: The reduction on the minimum number of Rx branches will have significant impact on RRM requirements. For example, for the measurement procedure related requirements in RRC_CONNECTED state such as the intra-frequency, inter-frequency and inter-RAT requirements, with the reduction on the minimum RX branches, these requirements should be re-evaluated and noticeable increase on the measurement period, for example intra-frequency measurement period, inter-frequency measurement period are foreseen. 

2: Reduced maximum UE bandwidth
Compared with legacy UE, the maximum bandwidth of Redcap has also been reduced. Regarding the bandwidth of Redcap during and after initial access, RAN1 had the following working assumptions:
•
During initial access, the bandwidth of the initial DL BWP for RedCap UEs is not expected to exceed the maximum RedCap UE bandwidth.

o
The bandwidth and location of the initial DL BWP for RedCap UEs can be the same as the bandwidth and location of the MIB-configured initial DL BWP for non-RedCap UEs.

o
This does not preclude a SIB-configured initial DL BWP for non-RedCap UEs only with a wider bandwidth than the maximum RedCap UE bandwidth.

o
This does not preclude separate or additional bandwidth and location for initial DL BWP for RedCap UEs (FFS).

•
After initial access, at least for BWP#0 configuration option 1 (as in 38.331, Appendix B2), a RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.

o
FFS: BWP#0 configuration option 2 (as in 38.331, Appendix B2)

One particular issue of the above working assumptions is the separate or additional bandwidth and location for initial DL BWP for RedCap UEs. If this is allowed, it means a Redcap UE will retune its RF among a few maximum RedCap UE bandwidth as shown in figure 1 below. However, it is not clear whether the SSB is transmitted at each maximum RedCap UE bandwidth. If the SSB is not transmitted at each maximum RedCap UE bandwidth, then when a Redcap UE works at a maximum RedCap UE bandwidth other than the initial DL bandwidth (BWP#0), the SSB is not available for that Redcap UE, which will have noticeable impact on a lot RRM requirement, such as measurement period. 
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Figure 1 One possible operation for a Redcap UE
Observation 2: If separate or additional bandwidth and location for initial DL BWP for RedCap UEs without SSB transmission is allowed, it will have noticeable impact on a lot of RRM requirements, for example measurement period. 
3: Duplex operation
One objective of Redcap WI is to support HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.). For Type A HD-FDD, a high proportion of the cost saving could be obtained since the duplexer can be replaced with a switch and a lowpass filter. Due to the lack of a duplexer, less insertion loss can be obtained and this will impact the reference sensitivity requirements. For the RRM part, the side conditions of the measurement performance (accuracy) requirements should be updated if the reference sensitivity requirements are changed. 
Observation 3: For HD-FDD RedCap devices, due to the lack of a duplexer, less insertion loss can be obtained and this will impact the reference sensitivity requirements. For the RRM part, the side conditions of the measurement performance (accuracy) requirements should be updated if the reference sensitivity requirements are changed. 

4. Extended DRX enhancements for RedCap UEs
RAN2 is working to introduce extended DRX enhancements for RedCap UEs. Extended DRX has been introduced in LTE and we can foresee similar functions and requirements for eDRX like LTE to be introduced into NR specs, for inactive and idle state. 
Observation 4: RAN4 will introduce eDRX related requirements for inactive and idle state.
3. Conclusion
In this contribution, we provide our further views on PUCCH Scell activation and have the following observations and proposals:

Observation 1: The reduction on the minimum number of Rx branches will have significant impact on RRM requirements. For example for the measurement procedure related requirements in RRC_CONNECTED state such as the intra-frequency, inter-frequency and inter-RAT requirements, with the reduction on the minimum RX branches, these requirements should be re-evaluated and noticeable increase on the measurement period, for example intra-frequency measurement period, inter-frequency measurement period are foreseen. 

Observation 2: If separate or additional bandwidth and location for initial DL BWP for RedCap UEs without SSB transmission is allowed, it will have noticeable impact on a lot of RRM requirements, for example measurement period. 
Observation 3: For HD-FDD RedCap devices, due to the lack of a duplexer, less insertion loss can be obtained and this will impact the reference sensitivity requirements. For the RRM part, the side conditions of the measurement performance (accuracy) requirements should be updated if the reference sensitivity requirements are changed. 

Observation 4: RAN4 will introduce eDRX related requirements for inactive and idle state.
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