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1 Introduction
In RAN#91-e meeting, a new WI on support of reduced capability NR devices is approved [1]. One of the objectives in the WID is described as following: 
	· 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] 


In this contribution, we would like to discuss how to indicate whether a RedCap UE can camp on the cell/frequency in the system information. We also share some further consideration on cell reselection. 
2 Discussion 
System information indication on whether a REDCAP UE can camp on a cell
On the system information indication on whether a RedCap UE can camp on a cell or not, RAN2 in the SI phase agrees to further study whether the indication is explicit or implicit in the WI phase. In our understanding, there can be the following options for explicit indication and implicit indication in the system information: 
· Explicit indication
· Option 1a: by e.g. a RedCap-support indication. If this indication is present, the RedCap UE can consider the cell as support of RedCap UE and not barred. If this indicate is absent, the RedCap UE can assume the cell as not allowed for RedCap operation. 
· Option 1b: by a separate cellBarred indication for RedCap UE from the current cellBarred IE in MIB. The RedCap UE can determine the cell status according to the indication, e.g. barred or not barred.
· Implicit indication

· Option 2a: By presence of RedCap configuration parameters. The RedCap configuration parameters can be RACH configuration, CORESET/search space configuration or other RedCap specific configurations. 
· Option 2b: If RedCap UE does not support a certain configuration in the cell, then the RedCap UE consider the cell as barred. 

For the explicit indication (Option 1a or Option 1b), 1 bit may be required for indicating the cell camping status. If we want to further indicate the cell camping status for the RedCap UEs with different capability, e.g. 1 RX or 2 RX, more bits may be required. However, the explicit indication is simple and straightforward. For the position of the explicit indication, it is preferred to be introduced in SIB1, since MIB has only 1 spare bit. 
For the implicit indication, option 2a makes use of RedCap UE specific configuration parameters, which may depend on RAN1 design on the configuration for the RedCap UE’s initial access and early identification. If early identification is not supported in a cell, then option 2a cannot be used for indicating the cell camping status for RedCap UEs. On the other hand, option 2b may save the signalling overhead in the system information by using the existing parameters. However, in the co-existence scenario of normal UEs and RedCap UEs, RedCap UEs may not support some configurations for normal UEs. So option 2b may need some enhancements in the co-existence scenario. 
Observation 1: The explicit indication on whether a REDCAP UE can camp on the cell is more generic compared to the implicit indication. 
Observation 2: The implicit indication on whether a REDCAP UE can camp on the cell may depend on RAN1 decision or need enhancements in the co-existence scenario. 
From the above observations, we slightly prefer the explicit indication for indicating whether a RedCap UE can camp on the cell. It can be further discussed whether Option 1a or Option 1b is adopted and how to indicate the camping restriction based on the number of Rx branches of the UE. 
Proposal 1: An explicit indication in system information is used to indicate whether a RedCap UE can camp on the cell. 
System information indication on whether a RedCap UE can camp on a frequency
To reduce the RedCap UE’s power consumption, the camping restriction on a frequency or a cell should be taken into account in cell camping for cell selection and reselection. In RAN2#111-e meeting, it is agreed that system information indicates whether the RedCap operation is allowed/barred on a frequency. However, the details of the indication have not been discussed yet. 

From our perspective, the system information can indicate whether RedCap operation is allowed or barred on a neighbour frequency or cell or can indicate the frequency list or cell list that allows/bars RedCap operation. The RedCap UEs could search and measure only the frequencies or cells that allow the RedCap operation. Alternatively, the RedCap UEs could exclude the frequencies or cells not allowed for the RedCap operation from the measurement candidates or cell reselection candidates.  

Proposal 2: System information indicates whether RedCap operation is allowed or barred on a neighbor frequency or cell or indicates the frequency list or cell list that allows or bars RedCap operation. 
Proposal 3: The RedCap UE excludes the cell not allowed for the RedCap operation from the candidates for measurements or cell reselection. 

There is an FFS left in the SI phase on whether to reuse the legacy intraFreqReselection or introduce a separate flag for RedCap UE. In our understanding, if the legacy intraFreqReselection is reused, RedCap UEs will have the same behaviour as normal UEs on whether to consider the other cells on the frequency of the barred cell as candidate for cell reselection. This may lose some flexibility to allow normal UEs and RedCap UEs to reselect different cells on one frequency. So, a separate flag for RedCap UE is slightly preferred from our perspective. 
Proposal 4: System information indicates a separate intraFreqReselection for RedCap UEs. 
Further consideration on cell reselection
For inter-frequency cell reselection, the cell reselection priority, which is the absolute priority of the concerned carrier frequency, is used to prioritize or deprioritize a certain frequency for cell reselection. 
If network operators want to restrict the access from the RedCap UEs, a separate cell reselection priority for the RedCap UEs can be introduced. For example, a higher priority can be configured to the preferred frequencies for RedCap operation, or a lower priority can be configured to the not-preferred frequencies for RedCap operation, depending on the operators’ policy. This set of RedCap UE specific cell reselection priority will have no impact on the normal UE’s behaviour and can be easily implemented. 

Proposal 5: System information indicates the RedCap UE specific cell reselection priorities. 

For intra-frequency and equal priority inter-frequency cell reselection, the cell-ranking criterion R is defined by TS38.304 [2]:

	Rs = Qmeas,s +Qhyst - Qoffsettemp
Rn = Qmeas,n -Qoffset - Qoffsettemp


where:

	Qmeas
	RSRP measurement quantity used in cell reselections.

	Qoffset
	For intra-frequency: Equals to Qoffsets,n, if Qoffsets,n is valid, otherwise this equals to zero.

For inter-frequency: Equals to Qoffsets,n plus Qoffsetfrequency, if Qoffsets,n is valid, otherwise this equals to Qoffsetfrequency.

	Qoffsettemp
	Offset temporarily applied to a cell as specified in TS 38.331.


In order for the RedCap UE to prioritize a cell that allows/prefers the RedCap operation without impacting the normal UE, the RedCap UE specific cell reselection parameters in the R criterion can also be introduced. For example, a lower Qoffsets,n value for the cells that prefer the RedCap operation can be broadcast for the RedCap UEs, making these cells rank higher than the cells that do not prefer the RedCap operation when the measurement results are similar. The normal UEs can just ignore the RedCap UE specific cell reselection parameters. Therefore, we have the following proposal. 

Proposal 6: System information indicates the RedCap UE specific cell reselection parameters for criterion R. 

For cell selection and reselection, a suitable cell fulfils the following S criterion [2]. 

	Srxlev > 0 AND Squal > 0


where:
	Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset )– Pcompensation - Qoffsettemp
Squal = Qqualmeas – (Qqualmin + Qqualminoffset) - Qoffsettemp


Similarly, the parameter(s) for S criterion can also be configured dedicatedly for the RedCap UEs, to make the RedCap UEs prioritize the cells that prefers the RedCap operation. For example, a separate Qrxlevmin or Qqualmin can be broadcast for the RedCap UEs, which can be ignored by the normal UEs. 

Proposal 7: System information indicates the RedCap UE specific cell selection parameters for criterion S.
3 Conclusion

In this contribution, we have discussed some issues on camping restrictions of RedCap UEs. We have the following observations and proposals: 
Observation 1: The explicit indication on whether a REDCAP UE can camp on the cell is more generic compared to the implicit indication. 

Observation 2: The implicit indication on whether a REDCAP UE can camp on the cell may depend on RAN1 decision or need enhancements in the co-existence scenario. 

Proposal 1: An explicit indication in system information is used to indicate whether a RedCap UE can camp on the cell. 

Proposal 2: System information indicates whether RedCap operation is allowed or barred on a neighbor frequency or cell or indicates the frequency list or cell list that allows or bars RedCap operation. 
Proposal 3: The RedCap UE excludes the cell not allowed for the RedCap operation from the candidates for measurements or cell reselection. 

Proposal 4: System information indicates a separate intraFreqReselection for RedCap UEs.
Proposal 5: System information indicates the RedCap UE specific cell reselection priorities. 

Proposal 6: System information indicates the RedCap UE specific cell reselection parameters for criterion R. 

Proposal 7: System information indicates the RedCap UE specific cell selection parameters for criterion S.
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