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[bookmark: _Ref492503575]Introduction
Some of the WI open issues related to PUR include the following in TS 36.331/ASN.1 review:
Editor’s Note: The details of the calculation of PUR occasion needs to be updated when we know more details on the start offset. The exact time (subframe/frame/hsf) needs to be provided here.
And related ASN.1 review issues are:
	[RIL]: H854 [Delegate]: Odile (Huawei) [WI]: NBIoT [Class]: 4 [Status]: ToDo [TDoc]: None [Proposed Conclusion]: 
[Description]: WI Open issue: FFS: 2-level offset need and details for pur-StartTime-r16.
Linked to RIL#H840 
[Proposed Change]: 
[Comments]: 



	[RIL]: H810 [Delegate]: Odile (Huawei) [WI]: eMTC [Class]: 4 [Status]: ToDo [TDoc]: None [Proposed Conclusion]: 
[Description]: WI Open issue: FFS: 2-level offset need and details for pur-StartTime-r16.
Also NB-IoT (RIL#840)
[Proposed Change]: 
[Comments]:



	[RIL]: H840 [Delegate]: Odile (Huawei) [WI]: NBIoT [Class]: 4 [Status]: ToDo [TDoc]: None [Proposed Conclusion]: 
[Description]: WI Open issue: FFS: 2-level offset need and details for pur-StartTime-r16. Also covers the Editor’s note below.
Also eMTC (RIL#810)
[Proposed Change]: 
[Comments]:



[bookmark: _Toc40699152][bookmark: _Toc40701122][bookmark: _Toc40886541][bookmark: _Toc40969007][H810]/[H840]/[H854] are all related issues to be resolved together.
So, this document discusses the above taking the merged text in the ASN.1 review file [xx] after RAN2#109bis-e as baseline.
Background
The issue of start offset has been discussed a few times in previous RAN2 meetings. Previous email discussion and offline discussion progressed to some extent to resolve the issue, see R2-2003746 (email discussion report) and R2-2004046 (offline discussion report). During previous discussions, we described our preference and raised some open issues but didn’t have enough time to discuss and conclude. Some of those questions and responses are shown below for quick reference.
Discussion point 1-4a. For NB-IoT, companies are invited to provide their view on the granularity needed for pur-StartTime-r16 and make proposal on how to signal it:
	[bookmark: _Hlk37168054]Qualcomm
	The start offset can be in terms of several minutes or hours. However, the exact time of UL resources is needed for performing UL transmission.
The offset can be smaller than the configured periodicity. For example, if the PUR is configured for 22 min periodicity (hsf128), it should still be possible to indicate that the first occurrence is in 11 mins (hsf64).



Discussion point 1-4b. For NB-IoT, whether the value range of pur-StartTime-r16 and requestedTimeOffset-r16 are the same and whether they are signaled in the same way? Please make proposal if the answer is no.
	Qualcomm
	No
	In our view, requestedTimeOffset does not need to be in the granularity of exact subframe.



Discussion point 1-4c. For eMTC, whether the value range and the signaling for pur-StartTime-r16 and requestedTimeOffset-r16 are the same as in NB-IoT? Please make proposal if the answer is no.
	Qualcomm
	Yes
	



Question 5. Is it acceptable to introduce a 2-level offset for pur-StartTime-r16 in PUR configuration, i.e. level-1 in H-SF level and level-2 in subframe level?
	Qualcomm
	FFS
	In principle two level should be fine, but there may be issues of misunderstanding of startHSF (level 1) between UE and eNB. Is it supposed to be “relative to current HSF” or an absolute HSF value? 
If it is relative to current HSF, it is possible that the release message was received in a different HSF than what the network assumes. (Imagine a scenario where UE sent ACK, but eNB didn’t hear it and sent retransmission of release message, but UE acted on the previous one, and during this time HSF already changed.)
If absolute value of HSF is used, then it should be possible to indicate much higher value, i.e., some cycles of HSF may need to be skipped before the first PUR.
In either case, a subframe level indication within that HSF, i.e., level 2 is needed to indicate exact resource.
So, we think this cannot be concluded right now and we need to first decide how to avoid the HSF misalignment issue.



Question 7. If the answer to Question 5 is yes, which option do you prefer to signal the level-2 offset for the start subframe?
	Qualcomm
	FFS
	See above



In this contribution, we provide some further clarification and propose some potential resolutions.
Discussion on start H-SFN misalignment
As stated earlier, in principle two level start offset/ start time for PUR should be fine, but there may be issues of misunderstanding of starting H-SFN (level 1) between UE and eNB. This depends on whether the signalled value is “relative to current H-SFN” or an “absolute H-SFN value”? 
[bookmark: _Toc40699153][bookmark: _Toc40701123][bookmark: _Toc40886542][bookmark: _Toc40969008]RAN2 needs to reconsider/decide whether the level-1 information regarding PUR start time is “relative to current H-SFN” or “absolute H-SFN”.
Relative H-SFN offset
First consider the relative H-SFN case. It is possible that the release message is received by the UE in a different H-SFN than what the network assumes. For example, imagine a scenario where UE received the release message (DL message) successfully and sent an ACK, however the eNB missed the ACK and sent a retransmission of the release message. During this time the H-SFN might have changed. In this case, the UE will act based on the previous H-SFN value when it received the message in the first try. But the network assumes the new H-SFN as the reference point.

This situation that the network may be unaware of “exactly” at what time the UE successfully received the release message has been raised previously. But those discussions were in the context of starting or restarting certain timers. A potential misalignment on those timers’ expiry events could be tolerated, but a misalignment of H-SFN reference will mess up all future calculations of PUR occasions. In addition, if a solution is defined to avoid such misalignment, this would also benefit the potential misalignment of those timers.

Note that we do not consider the case of release message completely failed, because in such case PUR config would also fail. So, the release message is “ultimately” successful, with potential retransmissions (and potentially repetitions for each retransmission). After the release message is successfully received by the UE, it goes to IDLE without sending a confirmation RRC message to the network. (Confirmation is only possible by PHY ACK or RLC poll bit, if configured.) Our understanding is network would want to configure RLC poll bit for reliability especially when PUR configuration is included in the release message (therefore additional procedure for confirmation of successful PUR configuration was not specified).



Figure 1 Illustration of H-SFN misalignment issue

The above scenario is possible based on the following MAC behaviour (from TS 36.321). If the same MAC PDU was already successfully decoded, the decoding is skipped for the retransmitted MAC PDU (decoding and sending to demux is done only for the first time as shown in green text) but ACK is still triggered even if the MAC PDU was already successful but a retransmission is received (as shown by yellow text).
	[bookmark: _Toc29242961][bookmark: _Toc37256218][bookmark: _Toc37256372]5.3.2.2	HARQ process
<<skip>>
The MAC entity then shall:
-	if this is a new transmission:
-	attempt to decode the received data.
-	else if this is a retransmission:
-	if the data for this TB has not yet been successfully decoded:
-	combine the received data with the data currently in the soft buffer for this TB and attempt to decode the combined data.
-	if the data which the MAC entity attempted to decode was successfully decoded for this TB; or
-	if the data for this TB was successfully decoded before:
-	if the HARQ process is equal to the broadcast process:
-	deliver the decoded MAC PDU to upper layers.
-	else if this is the first successful decoding of the data for this TB:
-	deliver the decoded MAC PDU to the disassembly and demultiplexing entity.
-	generate a positive acknowledgement (ACK) of the data in this TB.
-	else:
-	replace the data in the soft buffer for this TB with the data which the MAC entity attempted to decode.
-	generate a negative acknowledgement (NACK) of the data in this TB.
<<skip>>



0. Avoiding H-SFN misalignment
As explained above, an unambiguous “reference time” is needed to determine the first PUR occasion. RAN2 should discussion and conclude on how to make this possible. We explain some potential ways below.
[bookmark: _Toc40699154][bookmark: _Toc40701124][bookmark: _Toc40886543][bookmark: _Toc40969009]If relative offset is to be provided, H-SFN misalignment is possible, and solution is required to provide an unambiguous reference time/H-SFN.
RRC based solution
One H-SF is 10.24s long. If one-bit LSB of the H-SFN is included as reference with the DL message, UE can determine the current reference H-SFN as long as the DL is correctly received within ~20.48s.
[bookmark: _Toc40699155][bookmark: _Toc40701125][bookmark: _Toc40886544][bookmark: _Toc40969010]1-bit indication of reference H-SFN LSB should be sufficient to provide an unambiguous reference time/H-SFN in most cases.
RLC based solution 
This solution has impacts on RLC specification. The network can pool for RLC report for the DL including RRC Release message, and when the UE is sending an RLC status report, the report can include the information about the H-SFN where it received the connection release. This way eNB and UE can be on the same page.
[bookmark: _Toc40699156][bookmark: _Toc40701126][bookmark: _Toc40886545][bookmark: _Toc40969011]Enhancing RLC to indicate the confirmation of reference H-SFN LSB would be possible but entails more spec impact and requires RLC status to be always polled.
MAC based solution
To avoid the scenario described in  previous section, if the UE is able to detect a retransmission of the DL message (which was already successfully decoded), an indication from MAC to RRC in UE can indicate that the eNB tried to transmit it again, and should use the new H-SFN as the reference H-SFN (instead of the H-SFN corresponding to the previously decoded DL). This can be applicable only for DL message include PUR configuration (in which case MAC needs inspection of RRC message) or enabled for all DL RRC messages in general.
Example text for MAC CR is shown below (new text shown in red):
	5.3.2.2	HARQ process
<<skip>>
The MAC entity then shall:
-	if this is a new transmission:
-	attempt to decode the received data.
-	else if this is a retransmission:
-	if the data for this TB has not yet been successfully decoded:
-	combine the received data with the data currently in the soft buffer for this TB and attempt to decode the combined data.
-	if the data which the MAC entity attempted to decode was successfully decoded for this TB; or
-	if the data for this TB was successfully decoded before:
-	if the HARQ process is equal to the broadcast process:
-	deliver the decoded MAC PDU to upper layers.
-	else if this is the first successful decoding of the data for this TB:
-	deliver the decoded MAC PDU to the disassembly and demultiplexing entity.
-	else (i.e., retransmission of previously decoded MAC PDU):
-	indicate to RRC the H-SFN to be used for PUR offset and start time calculation.
-	generate a positive acknowledgement (ACK) of the data in this TB.
-	else:
-	replace the data in the soft buffer for this TB with the data which the MAC entity attempted to decode.
-	generate a negative acknowledgement (NACK) of the data in this TB.
<<skip>>



[bookmark: _Toc40699157][bookmark: _Toc40701127][bookmark: _Toc40886546][bookmark: _Toc40969012]MAC-based indication of reference H-SFN to the RRC would be possible but either it impacts legacy behaviour or required MAC to inspect RRC messages.
For either of the solutions described above, for each (re)transmission, the transmission of MAC PDU containing the downlink message may be repeated in multiple subframes for extended coverage. Within the repetition subframes, the H-SFN might change. Therefore, mapping of the reference H-SFN to a specific PDSCH repetition subframe should be fixed, i.e., the reference H-SFN should be specified as H-SFN corresponding to the subframe of the last PDSCH repetition.
[bookmark: _Toc40699158][bookmark: _Toc40701128][bookmark: _Toc40886547][bookmark: _Toc40969013]If relative H-SFN is used for PUR start time, mapping of the reference H-SFN to a specific PDSCH repetition subframe should be fixed.
Absolute H-SFN for start Time
Another way to avoid the H-SFN misalignment is to signal absolute H-SFN for start time, instead of a relative offset.
Note one H-SFN is 10.24s and H-SFN is 10 bit, i.e., it wraps around every 10.24s*1024 = 2.9127 hr. Since the H-SFN can wrap around one or more times before the first PUR occasion wrt current time, another information should be provided on how many H-SFN wrap arounds to be skipped from current time until the first occurrence of PUR.
[bookmark: _Toc40699159][bookmark: _Toc40701129][bookmark: _Toc40886548][bookmark: _Toc40969014]Absolute H-SFN for start time is possible, but additional information on how many H-SFN wrap arounds to be skipped until the first occurrence of PUR is also needed.
Based on the above discussion and observations, we have the following proposals:
[bookmark: _Toc40699107][bookmark: _Toc40699181][bookmark: _Toc40886557][bookmark: _Hlk40697667][bookmark: _Toc40969019]Confirm that level-1 information regarding PUR start time is an offset relative to a reference H-SFN.
[bookmark: _Toc40699108][bookmark: _Toc40699182][bookmark: _Toc40886558][bookmark: _Toc40969020]The reference H-SFN is the H-SFN corresponding to the subframe of the last PDSCH repetition for the first transmission of the RRC release message including the PUR (re)configuration. 
[bookmark: _Toc40699109][bookmark: _Toc40699183][bookmark: _Toc40886559][bookmark: _Toc40969021]1-bit LSB of the reference H-SFN is included in the PUR (re)configuration message.
Note that the above discussion is only about H-SFN alignment. The actual subframe within the H-SFN needs to be indicated for the first PUR occasion (which is also referred to as level-2 in earlier discussions) in the PUR (re)configuration. However, for PUR configuration request message granularity in terms of H-SFN duration is sufficient.
[bookmark: _Toc40699160][bookmark: _Toc40701130][bookmark: _Toc40886549][bookmark: _Toc40969015]Actual subframe within the H-SFN (i.e., level-2 information) is needed in the PUR (re)configuration but not needed in PUR request.
Additionally, since there is not criticality of misalignment of H-SFN in the request message, we think there is no need to specify solution to guarantee avoidance of H-SFN mismatch in the PUR request message.
[bookmark: _Toc40699161][bookmark: _Toc40701131][bookmark: _Toc40886550][bookmark: _Toc40969016]Solution to guarantee H-SFN alignment is not needed for PUR request.

Summary 
Based on the discussion, we have following observations: <<do not edit below this>>
Observation 1.	[H810]/[H840]/[H854] are all related issues to be resolved together.
Observation 2.	RAN2 needs to reconsider/decide whether the level-1 information regarding PUR start time is “relative to current H-SFN” or “absolute H-SFN”.
Observation 3.	If relative offset is to be provided, H-SFN misalignment is possible, and solution is required to provide an unambiguous reference time/H-SFN.
Observation 4.	1-bit indication of reference H-SFN LSB should be sufficient to provide an unambiguous reference time/H-SFN in most cases.
Observation 5.	Enhancing RLC to indicate the confirmation of reference H-SFN LSB would be possible but entails more spec impact and requires RLC status to be always polled.
Observation 6.	MAC-based indication of reference H-SFN to the RRC would be possible but either it impacts legacy behaviour or required MAC to inspect RRC messages.
Observation 7.	If relative H-SFN is used for PUR start time, mapping of the reference H-SFN to a specific PDSCH repetition subframe should be fixed.
[bookmark: _GoBack]Observation 8.	Absolute H-SFN for start time is possible, but additional information on how many H-SFN wrap arounds to be skipped until the first occurrence of PUR is also needed.
Observation 9.	Actual subframe within the H-SFN (i.e., level-2 information) is needed in the PUR (re)configuration but not needed in PUR request.
Observation 10.Solution to guarantee H-SFN alignment is not needed for PUR request.

Based on the observations, we have the following proposals:
Proposal 1.	Confirm that level-1 information regarding PUR start time is an offset relative to a reference H-SFN.
Proposal 2.	The reference H-SFN is the H-SFN corresponding to the subframe of the last PDSCH repetition for the first transmission of the RRC release message including the PUR (re)configuration.
Proposal 3.	1-bit LSB of the reference H-SFN is included in the PUR (re)configuration message.
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