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1 Introduction

Lots of agreements on eDRX were made in last meeting, and there are 2 FFS left as follows:
Agreements via email - from offline 105 third round 

1. eDRX is optional for any gNB (either supporting RedCap or not), which means it is up to gNB implementation whether to support eDRX
Working Assumption:
2. When IDLE eDRX cycle is longer than 10.24s, CN PTW_start calculation formula defined in LTE is re-used as the baseline, as below. FFS whether CN PTW_start position could be configurable by network and in case which node decides the N value. Note: this formula would be revisited if INACTIVE eDRX cycle can be above 10.24s

PTW_start denotes the first radio frame of the PH that is part of the PTW and has SFN satisfying the following equation:



SFN = 1024/N* ieDRX, where



ieDRX = floor(UE_ID_H /TeDRX,H) mod N


FFS N = 4 or 8, FFS if N can take other values
Agreements online:

1. For RRC_INACTIVE UE, when IDLE eDRX cycle is no longer than 10.24s and INACTIVE eDRX cycle is not configured, FFS which option below is adopted for paging monitoring:


Option 1: T is determined by the shortest of RAN paging cycle, IDLE eDRX cycle, and default paging cycle.


Option 2: T is determined by the shortest of RAN paging cycle and IDLE eDRX cycle.
2. For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24s and INACTIVE eDRX cycle is not configured, outside CN PTW, FFS which option below is adopted for paging monitoring:

Option 1: T is determined by the shortest of RAN paging cycle and default paging cycle.


Option 2: T is determined by RAN paging cycle.
And during the email discussion after last meeting, there were also some issues raised about the SI modification. This contribution will further discuss the left FFS on UE behavior configured with eDRX, PTW configuration and SI modification.
2 Discussion
2.1. System information modification
It was agreed to use the SI modification mechanism from LTE as baseline for SI change in RAN2#113bis meeting:
1. RAN2 confirms that SI modification mechanism from LTE is used as a baseline for SI change (other than ETWS and CMAS), i.e. by using an eDRX acquisition period and a flag to indicate SI modification for eDRX in Short Message (e.g. systemInfoModification-eDRX)
According to the LTE mechanism, the eDRX acquisition period is used when the DRX cycle is longer than the SI modification period, as specified in 36.331:
	To enable system information update notification for RRC_IDLE UEs configured to use a DRX cycle longer than the modification period, an eDRX acquisition period is defined.


During the email discussion about the running 38.331 CR, the issue of which DRX cycle is referred to when comparing with the SI modification for each RRC state was raised. 

For idle UE, if eDRX is configured by the CN, the UE will use the CN eDRX only to monitor the paging. It is clear the DRX cycle used to compare with the modification period should be the eDRX configured by the CN.

Proposal 1: For the UE in RRC_IDLE, the idle mode eDRX cycle, if configured by the CN, is used to compare with the SI modification period to decide whether to use the eDRX acquisition period.
But for inactive UE, if eDRX is configured by CN, when the eDRX configured by CN is longer than 10.24s, the UE behavior may be different during the PTW and outside the PTW. For example if inactive eDRX is also configured for the UE by RAN, the UE will monitor the PO during the PTW according to T, where T is the shortest of default paging cycle and UE specific DRX cycle configured by CN, if configured, and the inactive eDRX cycle. But UE will monitor the PO according to the inactive eDRX cycle outside the PTW. How to decide the DRX cycle compared with SI modification period for inactive UE is not clear.

In current LTE specification, it is specified inactive UE shall also use the idle eDRX cycle configured by the CN to compare with the modification period, the below is specified in 36.331.

	NOTE 1a:
For the UE in RRC_INACTIVE, the idle mode extended DRX cycle, if configured, is used to compare with the modification period.


We think the same LTE mechanism can be reused, considering the RAN eDRX cycle is no longer than the CN eDRX cycle, the LTE mechanism can help the inactive UE to save more power.

Proposal 2: For the UE in RRC_INACTIVE, the idle mode eDRX cycle, if configured by the CN, is used to compare with the SI modification period to decide whether to use the eDRX acquisition period.
2.2. Inactive UE behavior with eDRX configurations
In last meeting, agreements were made for idle/inactive UE behavior when idle/inactive eDRX is configured, with 2 remaining FFSs for inactive UE.

· FFS 1:idle eDRX <=10.24s and inactive eDRX is not configured
For RRC_INACTIVE UE, when IDLE eDRX cycle is no longer than 10.24s and INACTIVE eDRX cycle is not configured, according to last meeting discussion, which option below should be adopted for paging monitoring is FFS:

· Option 1: T is determined by the shortest of RAN paging cycle, IDLE eDRX cycle, and default paging cycle.

· Option 2: T is determined by the shortest of RAN paging cycle and IDLE eDRX cycle
The main reason for supporting option 1 is when taking the SI modification into consideration. However, the SI modification mechanism for UE configured with eDRX should be discussed separately. It belongs to the SI modification topic which is related to our discussion in Section 2.1: the inactive UE should acquire the updated SI according to the SI modification period or eDRX acquisition period, not the default paging cycle.
Observation 1: It is the SI modification period or eDRX acquisition period that impacts the acquisition of the updated SI, the default paging cycle shouldn’t be taken into consideration for paging monitoring for SI modification.
Furthermore, in LTE when eDRX is configured by CN and the PTW is not used, the paging monitoring mechanism for inactive UE is consistent with option 2, which doesn’t take the default paging cycle into consideration, like the below specified in 36.304

	In RRC_INACTIVE state if extended DRX is configured by upper layers according to 7.3:

-
If a UE specific extended DRX value of 512 radio frames is configured, T is determined by the shortest of the RAN paging cycle, if configured, and 512 radio frames.
-
If a UE specific extended DRX value other than 512 radio frames is configured:

-
During the PTW, T is determined by the shortest of the RAN paging cycle, if configured, the UE specific paging cycle, if allocated by upper layers, and the default paging cycle. Outside the PTW, T is determined by the RAN paging cycle, if configured.


Observation 2: Option 2 is consistent with the LTE mechanism.

The LTE mechanism can be reused for NR, so option 2 should be adopted. i.e. for inactive UE, when idle eDRX cycle is no longer than 10.24s, and inactive eDRX is not configured, UE should monitor the PO according to T, T is determined by the shortest of RAN paging cycle and idle eDRX cycle.
Proposal 3: For RRC_INACTIVE UE, when IDLE eDRX cycle is no longer than 10.24s and INACTIVE eDRX cycle is not configured, UE shall monitor PO according to T, T is determined by the shortest of RAN paging cycle and IDLE eDRX cycle.
· FFS 2:idle eDRX >10.24s and inactive eDRX is not configured
For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24s and INACTIVE eDRX cycle is not configured, outside CN PTW, which option below is adopted for paging monitoring is FFS:

· Option 1: T is determined by the shortest of RAN paging cycle and default paging cycle.

· Option 2: T is determined by RAN paging cycle
Same as above discussion, it is the SI modification or eDRX acquisition period that impacts the SI update. And it should be discussed under a separate topic. Moreover, it is option 2 again which is consistent with current LTE mechanism, like the below specified in 36.304:

	In RRC_INACTIVE state if extended DRX is configured by upper layers according to 7.3:

-
If a UE specific extended DRX value of 512 radio frames is configured, T is determined by the shortest of the RAN paging cycle, if configured, and 512 radio frames.
-
If a UE specific extended DRX value other than 512 radio frames is configured:

-
During the PTW, T is determined by the shortest of the RAN paging cycle, if configured, the UE specific paging cycle, if allocated by upper layers, and the default paging cycle. Outside the PTW, T is determined by the RAN paging cycle, if configured.


Option 2 should be adopted.
Proposal 4: For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24s and INACTIVE eDRX cycle is not configured, outside CN PTW, UE shall monitor PO according to T, T is determined by RAN paging cycle.

2.3. PTW configuration
It is FFS whether CN PTW_start position could be configurable by network.  As discussed in the offline discussion, in LTE, one PO is a sub-frame. But for NR, due to beam sweeping introduced by multiple beams, one PO is a set of PDCCH monitoring occasions which can consist in multiple slots and even span more than one radio frame. According to the PTW_start and PTW_end equation, the PTW_start and PTW_end may be located inside of a set of PDCCH monitoring occasions which may result in a UE having its valid PO partly outside the PTW.

For example, assume one PO spans more than one SFN, for UE1 served by cell 1, one or both of the following cases may occur, and the valid PDCCH monitoring occasion for UE 1 is located before the PTW_start or after the PTW_end:

· PTW_start is located inside one PO, i.e. the PO_start<PTW_start< PO_end

· PTW_end is located inside one PO, i.e. the PO_start<PTW_end< PO_end

PO_start denotes the SFN of the first PDCCH monitoring occasions for the first beam

PO_end denotes the SFN of the last PDCCH monitoring occasions for the last beam
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Now assuming UE 2, served by cell 2, such that all its monitored POs located in the PTW are full POs. It is obvious that UE 2 will get more paging opportunities than UE1. For fairness for all UEs, some solution should be adopted to ensure the POs located in the PTW are all full POs for all UEs served by different/same cells.

The “multi-beam” PO occasion is determined by each gNB independently and it is likely different between gNBs. So this issue can’t be addressed by coordination between RAN and CN to configure the eDRX cycle and PTW length to ensure that all the POs located in the PTW are full POs. 

In order to solve this problem, one or two extra parameters such as a cell-specific offset adjusting the PTW_start and/or PTW_end should be introduced e.g. PTW_start_offset and/or PTW_end_offset, which can be broadcast by RAN in the system information, so that the PO located in the PTW can consist of all the PDCCH occasion for paging from all the beams. 
Proposal 5: One or two extra parameters gNB-specific offset adjusting PTW_start and/or PTW_end should be broadcast in the SI to make the PO located in the PTW consist of all the PDCCH occasion for paging from all the beams.
3 Conclusion
This contribution further discusses the SI modification, the inactive UE behavior with eDRX configuration and PTW configuration, and we propose:
Proposal 1: For the UE in RRC_IDLE, the idle mode eDRX cycle, if configured by the CN, is used to compare with the SI modification period to decide whether to use the eDRX acquisition period.
Proposal 2: For the UE in RRC_INACTIVE, the idle mode eDRX cycle, if configured by the CN, is used to compare with the SI modification period to decide whether to use the eDRX acquisition period.
Proposal 3: For RRC_INACTIVE UE, when IDLE eDRX cycle is no longer than 10.24s and INACTIVE eDRX cycle is not configured, UE shall monitor PO according to T, T is determined by the shortest of RAN paging cycle and IDLE eDRX cycle.
Proposal 4: For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24s and INACTIVE eDRX cycle is not configured, outside CN PTW, UE shall monitor PO according to T, T is determined by RAN paging cycle.

Proposal 5: One or two extra parameters gNB-specific offset adjusting PTW_start and/or PTW_end should be broadcast in the SI to make the PO located in the PTW consist of all the PDCCH occasion for paging from all the beams.
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