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1 Introduction
In the previous SI objectives of the approved Rel-17 New SID on support of reduced capability NR devices [1], the main motivation is to introduce the Redcap devices with lower cost and complexity as compared to high-end eMBB and URLLC devices of Rel-15/Rel-16. This is especially for the cases of industrial sensors, video surveillance and wearables. And the most recent high-level evaluation assumptions were captured in the recent RAN1 meeting [2]:
	Agreements: 

· For FR1, study at least 20MHz maximum UE bandwidth at least for initial access

Other bandwidths FFS

· For FR2, study 50MHz and 100 MHz maximum UE bandwidth at least for initial access 

Other bandwidths FFS
Agreements:

· Cost/complexity breakdowns can be separate for FR1 and FR2 if found beneficial.

· For FR1, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.

· For FR2, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.

· Study HD-FDD operation Type A and Type B (as defined in LTE) in RAN1, where study of Type A is prioritized.

Agreements:

· For wearables, use the traffic models FTP model 3 and VoIP from TR 38.840 to characterize the wearables service types including IM, VoIP, heartbeat, etc. with proper modification of at least packet size and mean inter-arrival time. Values are FFS.

Agreements:

· For industrial wireless sensor use cases, use a traffic model based on the service performance requirements for the process monitoring use case in TS 22.104 Table 5.2-2. At least 64 bytes UL message (plus headers, e.g. MAC, RLC, etc.) transmitted periodically with a periodicity [100 ms] should be considered (other values are not precluded).

Agreements:
   If/when coverage evaluations outside the CE SI are needed,
   The basic evaluation methodology is based on link-level simulation for FR1.

​       Step 1: Obtain the required SINR for the physical channels under target scenarios and service/reliability requirements.

​       Step 2: Obtain the baseline performance based on required SINR and link budget template.

​       Note: aspects related to identifying target performance and coverage bottlenecks based on target performance metric is to be handled separately

  The evaluation methodology for FR2 is the same as FR1.


In this contribution, we give some general principles on the general views on higher-layer impacts for Redcap devices in the scope of the study item.
2 Discussion
According to what has been agreed in the SID, the main motivation is to introduce the new device type with lower cost and complexity as compared to high-end eMBB and URLLC devices of Rel-15/Rel-16. This is especially the case for industrial sensors, video surveillance and wearables. The potential Redcap UE features compared to NR normal UE are listed as following [1]: 

· Reduced number of UE RX/TX antennas

· UE Bandwidth reduction 
· Half-Duplex-FDD 

· Relaxed UE processing time 

· Relaxed UE processing capability 
In this contribution, we presented some analyses on the potential specification impacts to ensure the Redcap UEs coexistence with Rel-15 and Rel-16 UE from the control plane and user plane respectively.
We mainly focused on the discussion of RAN1 impacts of control channel messages (SIB, RAR, and Paging) in control plane.
Issue1: The impact on system information

Back to the Rel-13 narrow band, a LC UE category is characterized by working only in a reduced 1.4MHz bandwidth within the whole system bandwidth and the enhanced coverage (EC) functionality was used for coverage recovery. To ensure the LC UE category coexistence with normal UEs, the MIB was reused as it was already transmitted in the central 6RBs (1.4MHz). While for SIB messages, as the high repetition was required to transmit SIB, RAN2 decided to branch from SIB1 as well as other SIBs, i.e., LC/EC UEs receive a separate occurrence of SIB1/SIB with different time/frequency resources to avoid impacting legacy UEs (SIB1-bis/ SIB-bis were introduced). It seems the similar ideas can be considered for Redcap devices coexisting with legacy NR UE.
RAN1 has agreed the Redcap UEs a minimum of 20 MHz bandwidth for FR1 and a minimum of 50 MHz or 100MHz bandwidth for FR2 to facilitate reusing the SSB and all the configurations of CORESET for Type0-PDCCH with legacy NR UE. Based on this, RAN1 is further discussing reusing the SSB and common CORESET#0. Also it is not clear from RAN1 whether the Redcap UEs requires coverage recovery or repetition for RMSI and other SIB transmissions. Based on more input from RAN1, RAN2 is suggested to further discuss whether new SIBs or new SIB IEs are needed. 
Observation 1: Based on RAN1’s progress, RAN2 is suggested to discuss whether to reuse the current RMSI/other SI or branch from legacy RMSI/other SI:
· FFS whether “RMSI-bis” or “SI-bis” is needed;
· FFS whether we reuse the existing SIB IEs or introduce new SIB IEs;
In the meantime, the existing SIB/SI scheduling framework can be reused for Redcap UEs. SI can be requested by UE or may be sent broadcast by network based on network implementation. As some system information may be kept the same in a large area for Redcap devices, area specific SIBs should also be supported. For system information change, both value tag and Notification/Paging mechanisms can be reused even though for Redcap users the modification period would use longer values of legacy BCCH modification period. 
Observation 2: RAN2 is suggested to align existing system information framework for Redcap users.

·  On demand SI;
Area specific SIBs /cell specific SIBs;

·  Value tag and Notification/Paging mechanisms for system information change;
Issue2: The impact on paging
It is not clear from RAN1 whether the Redcap UEs requires coverage recovery or repetition for paging PDCCH/PDSCH transmissions. If that was confirmed by RAN1, RAN2 is suggested to further discuss whether separate paging messages are needed. Legacy paging PO/PF calculations are distributed over the UEs based on the UE ID, e.g., IMSI provided by the MME over S1AP paging message and it is possible that the Redcap UEs and normal UEs monitoring a same PO wakes up and finds that it is not meant for itself (i.e. paging false alarm). An easy way can be consider to reduce the false notification is to reuse the Sub-grouping method for different types of UEs.
Regarding to paging mechanisms for system information change, it is likely the BCCH modification period used for the Redcap devices is configured separately from the legacy BCCH modification period, it seems that a new indication should be defined separately from the legacy notification
Observation 3: RAN2 is suggested to consider UE grouping methods within a PO for legacy UE and Redcap UEs.

· Paging message
· BCCH modification indication
Issue3: The impact on RACH
In our companion paper [3], we discussed the early indication of Redcap UE capabilities during the initial access is required with a minimum set of Redcap UE capabilities. If RACH partitioning is agreed, we need to discuss the details on the criteria to select PRACH resources. And more details on configurations of a lower number of maximal attempts or a longer back-off time for Redcap devices could be considered.

Observation 4:RAN2 is suggested to consider RACH impacts for Redcap UEs.

Regarding to the impact to user plane, we mainly focused on the discussion of data transmission and DRX for IoT.
Issue5: Small data transmission for IoT
For Redcap UE, if the traffic arrival rate is stable or even constant, e.g. video surveillance and industry wireless sensor use cases, scheduling without PDCCH can be used for better efficiency. In connected mode, the SPS scheduling or the configured grant scheduling is a kind of scheduling without PDCCH. For UE in idle mode or inactive mode, similar methods can be taken form the narrow band. For instance, for narrow band UEs in idle mode, directly transmitting data using PUR, i.e. preconfigured uplink resource is specified in release 16 for the typical application scenario of low mobility and the previous TA can be maintained even without RACH. Also some schemes in R17 Small Data enhancements WI can be considered for Redcap UEs.
Observation 5: RAN2 is suggested to consider small data transmission for Redcap UEs.
· Grant free
· PUR

· Schemes in R17 Small Data enhancements WI
Issue5: DRX for IoT devices, e.g., video surveillance
In connected mode, the UE can use DRX monitor the control channel prior to uplink or downlink data transmissions. The DRX parameters, including DRX cycles and inactivity timer values are typically be configured at connection setup and they applies to both PDCCH for uplink and downlink, e.g., a UL/DL new data grant would restart the inactivity timer equally. Considering the asymmetry traffic model for video surveillance with traffic pattern dominated by UL transmissions, it seems reasonable to configure separate DRX parameters for uplink and downlink. An example is a longer inactivity timer triggered by a UL new data grant.
Observation 6: RAN2 is suggested to consider DRX enhancement for IoT devices, e.g., video surveillance.
3 Conclusions

Based on the discussion, we make the following observations:
Observation 1: Based on RAN1’s progress, RAN2 is suggested to discuss whether to reuse the current RMSI/other SI or branch from legacy RMSI/other SI:
· FFS whether “RMSI-bis” or “SI-bis” is needed;

· FFS whether we reuse the existing SIB IEs or introduce new SIB IEs;

Observation 2: RAN2 is suggested to align existing system information framework for Redcap users.

·  On demand SI;
Area specific SIBs /cell specific SIBs;

·  Value tag and Notification/Paging mechanisms for system information change;
Observation 3: RAN2 is suggested to consider UE grouping methods within a PO for legacy UE and Redcap UEs.

· Paging message
· BCCH modification indication
Observation 4:RAN2 is suggested to consider RACH impacts for Redcap UEs.

Observation 5: RAN2 is suggested to consider small data transmission for Redcap UEs.
· Grant free
· PUR

· Schemes in R17 Small Data enhancements WI
Observation 6: RAN2 is suggested to consider DRX enhancement for IoT devices, e.g., video surveillance.
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