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1 Introduction
During the RAN# 90e meeting, the WI for Redcap was set with the following objectives [1]. 
	· Specify support for the following UE complexity reduction features [RAN1, RAN4]:

· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access of 20 MHz is supported. The possibility of, and any associated conditions for, optional support of a wider bandwidth up to 40MHz after initial access for this case will be further discussed at RAN#91e.
· 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 will be decided at RAN#91e; hence no specific work for these frequency bands will be done before RAN#91e.
· 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 higher layer support of enhancements listed above [RAN2, RAN1]. Details are to be refined at RAN#91e taking the outcome of the RedCap SI into account, and work on this objective shall start after RAN#91e:

· Specify definition of RedCap UE type(s) including set(s) of L1 capabilities for RedCap UE identification and for constraining the use of those RedCap L1 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.

· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks and allow operators to restrict their access if desired.

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

· Specify RAN4 core requirements for the above. 
Notes:
· Rel-15 SSB bandwidth is reused and L1 changes minimized.

· The work defined as part of this WI is not to overlap with LPWA use cases.

· Coexistence with non-RedCap UEs is to be ensured.

· This WI focuses on SA mode and single connectivity with operation in a single band at a time.
· The work in other WGs than RAN1 starts after RAN#91e.
· The appropriate WI for handling of any potential coverage recovery aspects related to RedCap UEs devices will be considered at RAN#91e.



During the discussion in WI scoping in RAN plenary meeting, one remaining issue is the coverage recovery issue for Redcaps including whether to consider the antenna efficiency loss and which WI to handle the potential coverage recovery aspects related to Redcap UE devices. In this contribution, we will discuss the coverage recovery related issues and share our consideration. 
2 Discussion 
During the RAN#88e meeting, some companies proposed to consider the antenna efficiency loss for the devices with small size, for example wearable devices. And this proposal was adopted and the SID of the Redcap is updated to include this aspect as follows[2]
	For FR1, coverage analysis for wearables can include consideration of potential reduced antenna efficiency due to device size limitations as part of the antenna gains. The extent of additional recovery of coverage loss due to reduced antenna efficiency is to be limited to 3 dB.


During the study of the coverage recovery for Redcaps, the antenna efficiency loss is considered in both DL and UL. According to the observation, the necessity for the coverage recovery in UL is mainly caused by the antenna efficiency loss. The following observation was made [3] 

	For FR1, under the consideration of potential reduced antenna efficiency due to device size limitations, the MIL(s) of PUSCH and/or Msg3 are worse than that of the bottleneck channel for the reference NR UE and coverage recovery is needed. The amount of coverage recovery is up to 3 dB. For other UL channels, coverage recovery may be not needed.


However, in current WID, the aspect of antenna efficiency is not mentioned. Since the antenna efficiency loss is the common understanding during SI and extensively used in the coverage analysis, so there is no doubt to preclude this aspect.  In that sense, clear indication is helpful to identify the target which would finally impact the e.g., the maximum number of repetitions or which solutions can be considered. 
Proposal 1: Consider the antenna efficiency loss in the coverage recovery for Redcap in WI

During the SI phase, there was extensive discussion on how to set the target of the coverage recovery. Generally, the following two options drew a lot of attention and finally option 3 is adopted for the coverage recovery analysis. 
	· Option 1: The target performance requirement for each channel is identified by a target MCL or MIL or MPL within a reasonable deployment

· Option 3: The target performance requirement for each channel is identified by the link budget of the bottleneck channel(s) for the reference NR UE within the same deployment scenario

· Note: The “bottleneck channel(s)” are the physical channel(s) that have the lowest MCL or MIL or MPL




During the RAN planetary discussion, there was a trend that the UL part in the coverage recovery is to be discussed in the coverage enhancement project and then Redcap could reuse the mechanism specified in the coverage enhancement project. From our perspective, since the target of coverage recovery in Redcap and the target of coverage enhancement for non-Redcap devices are different during the SI, in that sense, the target of the Redcap should be clarified if the coverage recovery of Redcap is to be discussed in the coverage enhancement WI. There are also two possible options for the target setting as shown in the following Fig. 1.  One is to follow the agreed target during the SI phase, e.g., the bottleneck channel of the Rel-15 devices and another option is to achieve the same target compared with the Rel-17 eMBB UEs. We are OK with both options, but which one will be used should be clarified since that will impact the setting of the maximum number of repetitions. For example, if we go with the option 1, then maybe the number of 32 repetitions is sufficient in the coverage enhancement WI, while if we go with option 2, then maybe larger number of repetitions is required considering larger gap to the target in the Redcap case. 
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Proposal 2: Clarify the coverage target of the Redcap in the WID
3 Conclusion
In this contribution, we discussed the issues related to coverage recovery for Redcap, based on the discussion, our views are summarized as below. 

Proposal 1: Consider the antenna efficiency loss in the coverage recovery for Redcap in WI

Proposal2: Clarify the coverage target of the Redcap in the WID
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