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1. Introduction
At RAN #91-e, TSG-RAN extensively discussed the objective of reduced minimum number of Rx branches and approved the revised WID in which the corresponding updates were made as shown below [1].
	-	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 (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.
-	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]



An LS was sent to SA1/CT1 to seek their feedback on potential extension of UAC in relation to RedCap devices [2]. Thus, this paper focuses on discussing the camping restriction described in the WID (marked with yellow). Related to this, a potential impact on the cell selection criterion is discussed, as well.
NOTE:	This paper is resubmission of R2-2102947 and there is no update from the previous paper.
2. Discussion
2.1. SI indication on camping restriction
In accordance with the outcome during the SI phase, how to define the indication on restricting an access from RedCap UEs is described in [3], as shown below. It was FFS whether the indication is explicit or implicit and postponed to the WI phase.
For RedCap UEs, an explicit or implicit indication in broadcast system information can be used to indicate whether a RedCap UE can camp on the cell or not.
In case of NB-IoT, the NB-IoT UE considers a cell barred, if the UE is unable to aquire MIB or SIB1, due to the fact that system information for NB-IoT is different from the one for the other UEs. In case of eMTC, the BL UE considers a cell barred, if SIB1-BR is not scheduled, in addition to the condition of failing to acquire MIB or SIB1-BR. This is also due to the fact that SIB1 (and onwards) for the BL UE is different from the other UEs, whilst MIB is common to BL UE and non-BL UE. As such, an implicit indication was introduced for eMTC and NB-IoT.
In contrast, the necessity of separate SI for RedCap UEs has not been discussed yet in both RAN1 and RAN2. Given that the maximum bandwidth for RedCap UEs (20 MHz for FR1 and 100 MHz for FR2) is decently large to schedule SI, MIB and SIBs can be common to RedCap UEs and the others, in terms of the supported bandwidth. From the viewpoint of the number of Rx branches reduced for RedCap UEs, coverage recovery may be needed for SIBs. Nevertheless, the network can set the appropriate number of repetitions for SIBs or apply lower MCS, so that all UEs including RedCap UEs can receive and acquire SIBs. Thus, if MIB and SIBs are common to all UEs including RedCap UEs, the same approach as introduced for eMTC and NB-IoT cannot be used for RedCap UEs. In that sense, an explicit indication is a proper approach to take. The following can be observed:
Observation 1:	If the specification allows that system information (MIB and SIBs) is common to all UEs 						(including RedCap UEs), the implicit indication as defined for eMTC/NB-IoT cannot be used for 				RedCap UEs.
On the explicit indication related to the camping restriction, there is the existing field so called “cellReservedForFutureUse”. The usage of this field it to bar access from legacy UEs and allow access from the UE supporting future use cases. For the RedCap scenario, intended behaviour is to allow or bar access from RedCap UEs, which does not affect access from legacy UEs. Therefore, the cellReservedForFutureUse cannot be used for the RedCap use case. In that case, a new explicit indication is defined to allow the access from RedCap UEs. Due to the fact that spare bits in P-BCH/MIB are quite limited, a proper place to define the new indication is SIB1. Therefore, the followings are proposed:
Proposal 1:		Introduce a new explicit indication in SIB1 to allow access from RedCap UEs.
Proposal 1a:		If the new indication is not broadcast in SIB1, a Redcap UE considers a cell barred.
Needless to say, the existing fields of cellBarred and cellReservedForOperatorUse are applicable to RedCap UEs, as in the legacy, if set to true.
The next point in question is how to address the following objective which was stemmed from the extensive argument on the reduces Rx branches.
-	It shall be possible for the indication to be specific to the number of Rx branches of the UE.
The main concern expressed in the recent TSG-RAN meetings was the case where the RedCap UE supports 1 Rx for the supported band, whilst the legacy UE supports 2 or 4 Rx for that band. To address the single Rx case, it is sufficient to define another indication specific to 1 Rx. Together with the new indication for all RedCap UEs (Proposal 1/1a), if the additional indication on 1 Rx is broadcast in SIB1, RedCap UEs with 1 Rx can access the cell. Otherwise, the RedCap UE with 1 Rx is barred from the cell. The followings are proposed:
Proposal 2:		Introduce another explicit indication in SIB1 to allow access from RedCap UEs with 1 Rx.
Proposal 2a:		If the indication to allow access from RedCap UEs is broadcast, but the indication for 1Rx is 				not broadcast, the RedCap UE with 1 Rx considers a cell barred.
One more open issue on the camping restriction is whether the existing intraFreqReselection field is reused or a new separate field is introduced for RedCap UEs. The policy of setting the value of intraFreqReselection could be different between RedCap UEs and the others. For instance, even though the network allows the legacy UEs to reselect the other cells on the same frequency, the network may want to bar the RedCap UEs from accessing any other cells on the same frequency. In that case, a separate field needs to be introduced for RedCap UEs. Hence, the following is proposed:
Proposal 3:		Introduce a new field of intraFreqReselection in SIB1 for RedCap UEs.
2.2. Cell selection criterion
For the scenario where the network accommodates RedCap UEs with 1 Rx, it is worthwhile discussing whether the existing cell selection criterion can work for that UE. More often than not, Qrxlevmin and Qqualmin are set to the value at the cell boundary aimed for the legacy UEs which support the default number of Rx branches in the standard. For 1 Rx UEs, if Qrxlevmin and Qqualmin are the same as for the legacy UEs, 1 Rx UE experiences that coverage is shrunk, as illustrated in Fig.2.2-1, for instance. Such a scenario is similar to eMTC/NB-IoT to which the Coverage Extension mode (CE mode) is supported. However, it is questionable if the CE mode like solution is needed for RedCap UEs, since NR has already supported lower MCS and repetitions. Once the network obtains the UE capability on the number of Rx branches, the network can apply a proper configuration to the UE. It is to be specified under the RedCap WI how the network can learn the UE capability on the number of Rx branches [1]. Instead of the CE mode like solution, it would be sufficient to extend the cell selection criteria at a minimum, so that 1 Rx UEs can experience the same coverage as for the legacy UEs. To enable this, separate Qrxlevmin and Qqualmin can be considered to introduce, which is specific to 1 Rx UEs. Alternatively, an offset value applied to Qrxlevmin and Qqualmin is introduced, in case of 1 Rx UEs. Therefore, the following is proposed:
Proposal 4:		The cell selection criteria is extended so that RedCap UEs with 1 Rx can experience the same 				coverage as for the legacy UEs.
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Figure 2.2-1:	Example of Coverage visible to 1 Rx UEs
3. Summary and proposal
This paper discussed the camping restriction and cell selection criterion for RedCap UEs with 1 Rx branch. In summary, the followings were observed and proposed:
Observation 1:	If the specification allows that system information (MIB and SIBs) is common to all UEs 						(including RedCap UEs), the implicit indication as defined for eMTC/NB-IoT cannot be used for 				RedCap UEs.
Proposal 1:		Introduce a new explicit indication in SIB1 to allow access from RedCap UEs.
Proposal 1a:		If the new indication is not broadcast in SIB1, a Redcap UE considers a cell barred.
Proposal 2:		Introduce another explicit indication in SIB1 to allow access from RedCap UEs with 1 Rx.
Proposal 2a:		If the indication to allow access from RedCap UEs is broadcast, but the indication for 1Rx is 				not broadcast, the RedCap UE with 1 Rx considers a cell barred.
Proposal 3:		Introduce a new field of intraFreqReselection in SIB1 for RedCap UEs.
Proposal 4:		The cell selection criteria is extended so that RedCap UEs with 1 Rx can experience the same 				coverage as for the legacy UEs.
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