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1. Background
RAN2 discussed on the impact of eDRX and emergency reception using the email discussion#154 [1] after the RAN2-112e meeting. While the discussion focused on the need (or lack of) using eDRX for 2.56 sec DRX operation in RedCap UEs which intend to receive emergency broadcast, the main intention of using 2.56sec DRX as a power-saving option for RedCap UEs independent of the eDRX operation was not fully discussed in that email discussion. In this paper we intend to present this with the intention of reaching at some agreements in RAN2. 
2. LTE eDRX operation features
We start with listing the main features of LTE eDRX operation below:
· Ability for the LTE eDRX capable UE in IDLE mode to follow the NAS DRX cycle even if the RAN paging cycle is shorter. 
· Since the above can result in missing SI updates, LTE eDRX UEs are expected to read and be updated with LTE SI before going into connected mode, at the risk of increased latency (which was acceptable considering the use-cases of LTE eDRX devices)
· Since the above can also result in missing pages for indication of emergency broadcast, the LTE eDRX UEs are not expected to receive this broadcast.

3. LTE eDRX applicability to NR RedCap devices
While the LTE eDRX operation was agreed to be the baseline for NR RedCap devices (for the purpose of power saving in IDLE/INACTIVE), we note that there are some important differences.  Some NR R17 RedCap UEs (for eg., wearables) are not as delay tolerant as LTE eDRX devices, and these type of RedCap UEs are expected to receive emergency broadcast while still benefitting from power savings that arise from longer DRX cycles.
Observation 1: Not all RedCap UEs are delay tolerant as LTE eDRX devices and all the LTE eDRX aspects are not directly applicable to atleast some RedCap UEs.

4. Longer 2.56sec DRX cycle for NR RedCap 
One of the main characteristics of RedCap devices is the operation with reduced number of Rx and Tx ports, and as can be seen in [2] [3], it is noted that the operation with reduced Rx ports in IDLE/INACTIVE for the reception of paging would require the RedCap UE to read one or more bursts of SSB/PBCH to accurately estimate the channel conditions before the reception of the paging. And in such a situation, a longer DRX cycle greatly benefits the RedCap UEs in IDLE/INACTIVE, as the extra effort needed to receive the paging is done infrequently.
Observation 2: In cases where RAN paging cycle is <2.56sec, it is very beneficial for RedCap UEs which prefer to operate with 2.56 DRX cycle in IDLE or INACTIVE mode.

5. SI update handling
While it can be argued that UEs which do not follow RAN paging cycle and miss the pages indicating SI change might miss out on the changed SI content, and so (as specified for LTE eDRX), the NR RedCap UEs which follow eDRX should also update the SI content before going into connected mode, wearable type of RedCap UEs would be negatively affected by having to delay going into CONNECTED mode until SIB1 is read every time (even when there is no change to SI). 
Observation 3: Atleast some RedCap UEs (like wearables) are negatively affected by having to read SIB1 every time before going to CONNECTED under the intention that paging indicating the SI changes might have been missed. Atleast RedCap UEs which are not operating under with eDRX of 5.12sec or above are not required to read SIB1 before going into CONNECTED mode.     
Having stated that, we have to assess the handling of missed pages of SI change indication for the RedCap UE which is operating under the case of not needing to read the SIB1 while going into CONNECTED mode
It can be seen from the current NR signaling options that the RAN paging cycle can be one of rf32, rf64, rf128 and rf256. The modification period for the SI change is the product of the broadcast coefficient and the RAN paging cycle. Based on the allowed values for coefficient, the modification period can be one of rf64, rf128, rf256, rf512, rf1024, rf2048, rf4096, meaning can range between 640ms and 40sec.
As part of the SI change, the gNB should be able to page all the UEs within a modification period so that by the time the next modification period starts, all the UEs would be ready to start reading the changed SI.
It is our view that the gNB tries to page more than once so that UEs do not miss the SI change indication message. 
Based on this, we think a reasonable modification period would start from rf512 (assuming that more than one page has been sent and that the SI modification notification can be provided well in advance) and modification periods of rf1024 is also quite practical. 
If the modification period is rf256, assuming that the RAN paging cycle is 1.28sec, the gNB may not be able to page more than once, but if there are RedCap UEs which follow 2.56 DRX based on NAS configuration, they can still receive the page indication for SI change, although only one page is possible.
Observation 4: NWs usually plan to page more than once to the UEs to notify them of changed SI, (and unless very short periods of 128ms or less are used) the current modification period can handle if some (RedCap) UEs follow 2.56 DRX different from the RAN paging cycle DRX.   
5.1 Options for Missed pages for SI update
We discuss below the impact from the corner case where the RedCap UE missed the page indication SI change. SI change is indicated in SIB1 where the corresponding SI value tags are updated. In addition, or it could be that other contents of SIB1 are also updated. If other parts of SIB1 are updated, they could be related to the initial access or, other parts of SIB1 which are not related to initial access. 
Observation 5: If SIBs other than SIB1 are changed and the UE missed the paging related to this, the UE can resync to the updated SIBs when the UE goes back to idle from connected mode, as part of cell selection.
Observation 6: If the UEs does not enter CONNECTED mode, even if the UE misses the page, the impact is not significant, and the UE can anyway update the SIB1 after at the maximum 3 hours, assuming the UE has not reselected or enter CONNECTED mode until then. 
Observation 7: If the critical aspects of SIB1 are changed (like initial access), then a failure from the UE trying to go into CONNECTED mode can result in the UE updating the SIB1 and other SI.
Observation 8: In addition, since there could be non-RedCap UEs (following the RAN paging cycle) which might have missed the page in which case, there is always the option of NW providing this change indication while these UEs are in CONNECTED mode, if they enter the CONNECTED mode around the time of SI change. 
Observation 9: SI change is very infrequent, and If critical SI is changed, NWs can ensure that additional paging is done for both CONNECTED and IDLE/INACTIVE UEs.
5.2 Summary of missed page about SI change  
Observation 10:  Considering that the change in system information is not frequent, and the change in SIB1 for the initial access is even more infrequent, and that the case where some UEs might miss the SI change indication page and get into connected mode where the gNB can provide the updated SI info via dedicated signaling is also an option, the effect of RedCap UE with 2.56 DRX missing SI page indication during the rare event where the SI is infact updated in a cell, can be considered as something that the specification does not have to address, as the fallback mechanisms exist for the UE to re-align with the network.

6. Handling of missed pages indicating emergency messages 
We note that in case of emergency broadcast message transmission from the gNB, the UEs are expected to read SIB6/7/8 (whichever is indicated as changed in the paging indication).
We make the following observations for this case from RedCap UE which follows 2.56 NAS DRX cycle.
Observation 11: Since the UE is expected to receive the EM SIBs (SIB6/7/8) immediately following the paging indication, there is no time window restriction and as long as the NW pages several times and keep the emergency message in the SIBs, the UEs can receive the emergency message.
Observation 12: The flipside is that the requirement of receiving the emergency message within 4 seconds might not be satisfied in case the RedCap misses the first page. And if the message content changes very fast, the initial messages might not be received by the RedCap UEs, if they missed the first page.
Observation 13: We already have legacy RAN paging DRX of 2.56 which can accommodate emergency broadcast reception as long as the UE is able to receive the page the first time 
7. Proposals 
Based on the arguments given in the previous sections, we propose the below:
Proposal 1: For RedCap UEs, if the NAS configures the UE with a 2.56 DRX cycle, the RedCap UE follow this DRX even when the RAN paging cycle is shorter. 
Proposal 2: To handle the case where a RedCap UE following the NAS 2.56 DRX cycle instead of the shorter RAN paging cycle in IDLE or INACTIVE, misses pages indicating the SI change, capture the above observations and note in the TR that RAN2 specification changes are not critically necessary. Any optimizations to handling this if needed, can be addressed in the work-item stage.
Proposal 3: For the remote case of missed page indicating emergency message broadcast, additional paging and keeping the broadcast message for longer periods of time is sufficient and no new handling or specification changes are needed for the RedCap UEs following 2.56 NAS DRX cycle instead of shorter RAN paging cycle in IDLE or INACTIVE.
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