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Discussion and decision
1 Introduction
An ambiguity regarding number of repetitions to be used by the UE for physical layer acknowledgement of MSG4 was highlighted in Chengdu, RAN2#103bis [1]. A further issue was highlighted in [3] that ASN.1 coding for ack-NACK-NumRepeptitions-r13 IE with ‘NEED ON’ while additionally defining a behaviour when absent is not correct. These two topics are discussed further in the following section.

2 Discussion

2.1 Issue 1
The first issue highlighted in [1] arises when the following two conditions are meet:

Condition 1: The coverage level at which MSG4 is received is different from the coverage level at which random access procedure was initiated, i.e. MAC layer changes coverage level during random access procedure.

Condition 2: MSG4 does not contain the optional ack-NACK-NumReptitions-r13 IE, instead UE uses the ack-NACK-NumRepetitions-Msg4-r13 provided in SIB2-NB.
Companies described two possible spec interpretations:
Interpretation 1: UE continues to use the ack-NACK-NumRepetitions corresponding to the coverage level at start of the random access procedure.

Interpretation 2: UE uses the ack-NACK-NumRepetitions corresponding to the coverage level at which MSG4 was received.
No conclusion was reached during the RAN2#103bis meeting. 

This issue was further discussed during Spokane meeting RAN2#104 [2]. Contribution [2] pointed out that while RAN2 specification is not clear as to which of the two possible values of ack-NACK-NumRepetitions to use for acknowledging MSG4, following text from RAN1 specification clearly implies Interpretation 2.
TS 36.312 procedure for NB-IoT Ack/NACK reporting [2] [4]
	16.4.2
UE procedure for reporting ACK/NACK
The UE shall upon detection of a NPDSCH transmission ending in NB-IoT subframe n intended for the UE and for which an ACK/NACK shall be provided, start, after the end of 
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 NB-IoT UL subframes following the end of n+12 subframe for TDD,

transmission of the NPUSCH carrying ACK/NACK response, and SR (if any) if the serving cell is FDD and the UE is configured with higher layer parameter sr-with-HARQ-ACK-Config, using NPUSCH format 2 in N consecutive NB-IoT UL slots, where
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is given by the higher layer parameter ack-NACK-NumRepetitions-Msg4 configured for the associated NPRACH resource for Msg4 NPDSCH transmission, and higher layer parameter ack-NACK-NumRepetitions otherwise, and the value of 
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<Omitted unrelated part>


Overall, companies agree the correct behaviour is Interpretation 2 but companies did not agree current specification is clear enough.

Question 1: Which of the two interpretations is clear from 3GPP specifications?
Table 1 Interpretation 1 or 2
	Company name
	Interpretation 1 or 2 
	Reason for your answer

	Huawei, HiSilicon
	Neither
	We agree that the intention was interpretation 2.

However, we do not think that the RAN1 specification clarifies which value is used after MSG4. We think the RAN1 specification indicates:

1. For MSG4 NPDSCH transmission, the value configured in ack-NACK-NumRepetitions-Msg4 for the associated NPRACH level applies.
2. Otherwise (i.e. not for MSG4 NPDSCH), the value configured in ack-NACK-NumRepetitions applies.


	ZTE
	Neither
	We have similar understanding with Huawei. The Interpretation 2 is the intended one but the current specification cannot guarantee all the UEs have the same process.

	SoftBank
	No issue
	We think that Condition 1 is a corner case and it should not be taken into account. Therefore Interpretations 1 and 2 are the same meaning for the UE. The NB-IoT UE selects one CE level at the beginning of random access procedure and the network makes the final decision for the UE’s CE level. We don’t understand why the MAC can change the CE level during the random access procedure, although it is likely to cause CE level mismatching between network and UE.

	NTT DOCOMO INC.
	Interpretation 2
	As cited above in [2], we believe that Interpretation 2 is clear based on the RAN1 specification (TS 36.213). It states this clearly based on the red text in the highlighted text above.

	Qualcomm
	Interpretation 2
	While RAN2 specification may not be clear but RAN1 specification makes it clear. Furthermore, NPRACH resources (as per RAN2 spec) are configured separately for each coverage level hence we see no reason why UE would mix NPRACH configuration from different coverage levels (i.e. ack-NACK-NumRepetitions-Msg4-r13 from one coverage level and other NPRACH resources from another coverage level).

	NEC
	Interpretation 2
	same understanding as DOCOMO and Qualcomm 

	Ericsson
	Interpretation 2
	The interpretation is clear when both RAN1 and RAN2 specs are considered.


Question 2: Is further RAN2 spec clarification required? If yes, provide example text. As non-backward compatible change is highly undesirable, please try to limit your proposals to backward compatible clarification.
Table 2 Further RAN2 specification clarification

	Company name
	Yes/No 
	Example clarification for Yes or justification for No.
	Backward compatible? Yes/No.

	
	
	
	

	Huawei, HiSilicon
	yes
	If the conclusion is to follow interpretation 2, then we need a clarification in RRC (in addition of changing the need code to OP which is not backward compatible).

If we understand correctly the proposal is that the UE continues using ack-NACK-NumRepetitions-Msg4 if ack-NACK-NumRepetitions is not configured. But what does that mean, e.g. in the case of RRCConnectionResume, if the parameter ack-NACK-NumRepetitions have been signalled in the previous connection, is the dedicated value used or not ? Or is the assumption that the parameter is never stored in the UE AS context.
Also, we need to consider the case of RRCConnection Reconfiguration, which is not covered by the current text.

Based on the comment above, we propose to clarify the behaviour as below.

ack-NACK-NumRepetitions

Number of repetitions for the ACK NACK resource unit carrying HARQ response to NPDSCH, see TS 36.213 [23, 16.4.2]. 
If the field is absent, no action is taken, i.e. the UE continues using the latest value, ack-NACK-NumRepetitions-Msg4 used for MSG4 NPDSCH reception or ack-NACK-NumRepetitions, used in the lower layers. 
	No

	ZTE
	Yes
	We still prefer to update the ack-NACK-NumRepetitions field description as follows:

NPUSCH-Config-NB field descriptions
ack-NACK-NumRepetitions

Number of repetitions for the ACK NACK resource unit carrying HARQ response to NPDSCH, see TS 36.213 [23, 16.4.2]. If absent, the value of ack-NACK-NumRepetitions-Msg4 signalled in SIB2 is used.

	No.

As current eNB implementation already includes this ack-NACK-NumRepetitions in all the cases in order to be compatible with possible different understandings in the UEs, such modification would be the simplest one. That is, even we introduce such modification from a certain release of specification, the eNB would continuously always include this ack-NACK-NumRepetitions field as there still have legacy UEs. Only after the UEs with old releases completely leave the network, it may be possible that the eNB would configure this field only once. With protection from eNB, such modification would have no backward compatible issue.

	SoftBank
	No, but
	Issue 1 does not happen therefore no need to clarify it. But we accept some clarifications would be needed to address Issue 2, see our answer in Q3
	

	NTT DOCOMO INC.
	Yes
	In general, we are in support of Huawei’s supposed change, assuming that the first half of “ack-NACK-NumRepetitions used in the lower layers” addresses when the UE receives Msg4, while the latter half covers the Reconfiguration case. We suggest to modify the field description as follows (changes in bold):
NPUSCH-Config-NB field descriptions
ack-NACK-NumRepetitions

Number of repetitions for the ACK NACK resource unit carrying HARQ response to NPDSCH, see TS 36.213 [23, 16.4.2]. If absent, the value of ack-NACK-NumRepetitions-Msg4 signalled in SIB2 is used. If the field is absent in Msg4, the UE shall use the value which was used for Msg4 reception. If the field is absent in other messages (i.e.RRCConnectionReconfiguration), then the UE shall continue to use the value which is currently configured.

	

	Qualcomm
	Yes
	NPUSCH-Config-NB field descriptions
ack-NACK-NumRepetitions

Number of repetitions for the ACK NACK resource unit carrying HARQ response to NPDSCH, see TS 36.213 [23, 16.4.2]. If absent, the value of ack-NACK-NumRepetitions-Msg4 signalled in SIB2 is used. If the field is absent in Msg4, except for RRCConnectionResume, the UE shall use the value which was used for Msg4 reception.

	In our view this proposed modification is consistent with the intention and how the NPRACH resources are configured by eNB. This part we consider as backwards because there is no valid reason to consider using a different value for ack-NAC-NumRepeptitions that that used for MSG4 reception.
Furthermore, a value for ack-NACK-NumRepetitions configured through RRC dedicated signaling is only valid during that RRC connection, except for suspension case.
For RRC resume case specification is clear and states the following: “… for the physical layer configuration and the MAC Main configuration, the restored RRC configuration from the stored UE AS context is used as basis for the reconfiguration”.
For the reconfiguration (rare) case  we think it is acceptable for UE to revert to using Msg4 value if it was omitted from reconfiguration message.

	NEC
	Yes
	We are fine with some clarifications but those should cover different cases clearly.
ack-NACK-NumRepetitions

Number of repetitions for the ACK NACK resource unit carrying HARQ response to NPDSCH, see TS 36.213 [23, 16.4.2]. If the field is absent in Msg4, the UE shall use the value which was used for Msg4 reception in RRC connection establishment case or which was stored in RRC connection resume case. If the field is absent in RRCConnectionReconfiguration, the UE shall use the latest value used in the lower layers.
 
	Our understanding is the first part of the modified text is clarification for the current UE behavior by adding RRC conn resume case. For resume case, if other companies also have the same understanding as Qualcomm commented, then no need for the text for resume case. The second part is additional clarification for RRC connection reconfiguration case as suggested by Huawei, if necessary.
As the companies’ view are different (and thus we are discussing now), it would be a bit difficult to say NBC or BC. From our point of view, the modification is for clarification and considered as NBC.

	Ericsson
	Maybe
	Considering that this question is about the 1st issue, we do not see a need for clarification assuming that the intention is already clear as indicated in the reply for Q1. Please see below for comments regarding the 2nd issue in Q3. If clarification is needed, it may be to clarify the behaviour in case RRCConnectionResume is transmitted.
	


2.2 Issue 2
The second issue is that in ASN.1 an optional field tagged with ‘NEED ON’ means there is no action required from the UE if this IE is not present, and where applicable UE shall continue to use the existing value (and/ or the associated functionality), see table below. If ack-NACK-NumRepetitions-r13 is omitted from message other than MSG4 then ‘no action’ is fine. But when MSG4 does not contain ack-NACK-NumRepetitions-r13 then UE needs to use the value provided in SIB2-NB hence use of ‘NEED ON’ is inconsistent with definition of ‘NEED ON’ is shown in the table below. 

Difference between NEED ON and NEED OP from [5] Table 6.1-1
	Need OP 

(Used in downlink only)
	Optionally present 
A field that is optional to signal. For downlink messages, the UE is not required to take any special action on absence of the field beyond what is specified in the procedural text or the field description table following the ASN.1 segment. The UE behaviour on absence should be captured either in the procedural text or in the field description.

	Need ON 

(Used in downlink only) 


	Optionally present, No action 
A field that is optional to signal. If the message is received by the UE, and in case the field is absent, the UE takes no action and where applicable shall continue to use the existing value (and/ or the associated functionality).


Question 3: Should ASN.1 coding be changed to Need OP and action specified for the absence case?

Table 3 Further RAN2 specification clarification

	Company name
	Yes/No 
	If YES provide example text for absence case. If No provide justification

	Huawei, HiSilicon
	No
	At least for rel-13 we cannot accept this change which is not backward compatible functionally.

For later release, we can accept this approach but this is not our preferred option. 

If we go for this approach, we could use the text proposed in Q2.

	ZTE
	No
	If ASN.1 coding is changed to Need OP, even the ack-NACK-NumRepetitions field has been carried in Msg4 once, the UE will still use the ack-NACK-NumRepetitions-Msg4 signalled in SIB2 if this field is not included in later RRC message (e.g. RRCConnectionReconfiguration-NB), which is obviously not desirable.

	SoftBank
	No, but
	There are some ‘NEED ON’ with special actions in current RRC.
For example, “mbsfn-SubframeConfig-r12”, “rmtc-SubframeOffset-r13” and “allowedTTI-Lengths-r15” are defined as NEED ON but UE actions are required/changed when it is absent. Should we correct all of them? Instead, we prefer to update corresponding field description, e.g. as follows (it is a similar approach in “rmtc-SubframeOffset-r13”).
ack-NACK-NumRepetitions

Number of repetitions for the ACK NACK resource unit carrying HARQ response to NPDSCH, see TS 36.213 [23, 16.4.2]. If the UE does not store the valid value, this field is optional present and if absent, the value of ack-NACK-NumRepetitions-Msg4 signalled in SIB2 is used.

	NTT DOCOMO INC.
	No
	While we recognize that the behavior for ack-NACK-NumRepetitions is closer to Need OP that it is for Need ON, it is too late for us to make this change now as it will negatively affect Rel-13 UE that are already deployed in the field.
We agree with Softbank’s assessment on other currently present Need ON fields that are defined with Need-OP-like behavior when absent. It does not make sense to change all of these parameters to Need OP, as it presents an obvious backwards compatibility issue. Instead we should come to an agreeable change for the field description for ack-NACK-NumRepetitions.

	Qualcomm
	Yes
	If procedural text is aligned with the intended behavior, then Need ON can be changed to Need OP to be consistent. 
Changing Need ON to Need OP is less of an issue (has no impact on ASN.1 decoder). But doing such a change without updating IE description is aligning ASN.1 coding with the current field description anyway; that is field description defines behavior in case ack-NACK-NumRepetitions IE is not present.

	NEC
	No
	This (i.e. no change) may not be the perfect with respect to the specification rule, but the functionality would not be broken without the change. Also Softbank’s point seems valid.

	Ericsson
	No
	Not sure if such change would be backward compatible. An alternative can be to clarify the behavior (with Need ON) in Rel-13 to avoid any backward incompatibility problems for UEs that have been deployed, but make any changes if needed from Rel-14 on.


Given there are different implementations on the market, any clarification in specification can only be beneficial if network knows UE complies with the specification version that has this clarification. One possible way is for UE to signal this to the network. But for the network to know this before it transmits MSG4 then such indication needs to be in MSG3. There are two downsides to this:
Downside 1: In consumes at least 1 bit from scarce MSG3 space.

Downside 2: Implementations that already comply with this behavior will be required to be changed unnecessarily.
Note: Clarified behavior would mean the following:

1. If ack-NACK-NumRepetitions-r13 is missing from MSG4 then UE uses ack-NACK-NumRepetitions-MSG4-r13 from SIB2-NB for the coverage level at which MSG4 was received.

2. If ack-NACK-NumRepetitions-r13 is missing from dedicated message other than MSG4 then UE continues to use the previously configured ack-NACK-NumRepetitions-r13 or ack-NACK-NumRepetitions-MSG4-r13 if network never provided ack-NACK-NumRepetitions-r13 via dedicated signaling during this RRC connection.

Question 4: Do you support UE indication of clarified behaviour in MSG3?
Table 4 UE indication of support of clarified behavior

	Company name
	Yes/No 
	Justification for your answer

	Huawei, HiSilicon
	No
	We should not add information in MSG3 that are not essential for the whole functioning of the system. In addition this would not solve the problem with existing UEs.

	ZTE
	No
	Agree with Huawei.

	SoftBank
	No
	

	NTT DOCOMO INC.
	No
	We would like to avoid the downsides described above by Qualcomm.

	Qualcomm
	No
	Adding UE indication would essentially mean all legacy implementations that comply with the widely accepted interpretation & sprit of the specification need to be modified.

	NEC
	No
	

	Ericsson
	No
	


An alternative approach is to leave it to network to manage different UE behaviors. One possible way to achieve this is for network to include ack-NACK-NumRepetitions-r13 in RRCConnectionSetup, RRCConnectionReestablishment, RRCConnectionResume and RRCConnectionReconfiguration. Whilst this increase size of these messages, it is backwards compatible with all UE implementations and does not consume any of the scarce spare bits from MSG3.

Question 5: Do you support network -based solution to overcome both issues? 
Table 5 Network based solution to overcome both issues
	Company name
	Yes/No 
	Justification for your answer

	Huawei, HiSilicon
	Yes
	At least for rel-13, this is the only viable solution as there are Rel-13 UEs with different interpretation deployed in the field. 

For later releases, we would be fine with specifying the option ‘need ON’, i.e. the field is always included in RRCConnectionSetup and RRCConnectionReestablishment. For RRCConnectionResume and RRCConnectionReconfiguration, if the field is absent, the UE continues using the last signalled value. Note this is in line with what is defined for other physical layer parameters.

For later releases, we would also be fine with specifying the option ‘need OP’ as proposed in Q2. 

	ZTE
	Yes
	According to our comments for Question 2, we think network implementation-based solution is needed and already there.
However, we still prefer that the specification correction is introduced as early as possible, that can prevent the number of UEs which have confusing understandings from growing. Also the eNB can be allowed to configure this field only once and reduce signaling overhead as early as possible.

	SoftBank
	Yes
	Network-based solution is enough and already there.

	NTT DOCOMO INC.
	Yes
	We agree that the proposed solution by Qualcomm would resolve the issue. As expressed above, it would be both relatively easy to implement and also is backwards compatible, which means that already-deployed UE will not be negatively affected.
However, from an operator’s standpoint, we have other ways to address this, and we should not keep those options off the table (e.g. asking chip vendors to modify behavior).

	Qualcomm
	Yes
	Whether specification is updated or not, networks need a way to handle this situation with legacy UEs anyway. Hence Qualcomm prefers network solution to handle this case.

	NEC
	Yes
	If the field is always present, the UE behaviour is clear.

p.s. We are answering with the understanding that the question intends to ask “whether the network based solution solve both issues?” and whether to support or not it in the specification is asked in Q6.

	Ericsson
	Maybe
	Further discussion is required regarding which release if supported.


Question 6:  If you support network-based solution then should specification recommend such a network behaviour?

Table 6 Specification to recommend network to always include ack-NACK-NumRepetitions-r13
	Company name
	Yes/No 
	Justification for your answer

	Huawei, HiSilicon
	yes
	We need to have clear and correct specifications. We cannot carry on with specification clearly wrong (field simultaneously defined as ‘Need ON’ and ‘Need OP’). 

	ZTE
	No
	We understand that network implementation already provides protection in order to compatible with different type UEs. This is similar as the case that eNB should provide correct configuration and no special instruction is needed.

	SoftBank
	No
	

	NTT DOCOMO INC.
	No
	As commented in Question 5, we don’t want to limit our options.

	Qualcomm
	No
	We agree with ZTE.

	NEC
	No
	To keep the original intention, we prefer to make some updates in the field description e.g. as responded to Q2.

	Ericsson
	No
	


3 Summary
A total of 7 companies contributed to this email discussion consisting of OEMs, infra vendors and MNOs and this section provides a summary of the responses to the various questions.
Question 1: Which of the two interpretations is clear from 3GPP specifications?

Two companies responded neither interpretation is clear from the spec but both agree the intention was interpretation 2.

One company think there is no issue and consider Condition 1 (MAC layer changes coverage level during random access procedure) is a corner case.

Four companies consider interpretation 2 is clear from the specification.  

· Specification interpretation 2 is either clear or intended.
Question 2: Is further RAN2 spec clarification required? If yes, provide example text. As non-backward compatible change is highly undesirable, please try to limit your proposals to backward compatible clarification.

One company thinks no spec clarification required to address Issue 1 but accept some clarification needed to address issue 2 (use of NEED ON instead of NEED OP).
One company think spec clarification not required for issue 1 but clarification may be required for issue 2.

may be required.

Five companies think spec clarification required but propose slightly different proposal for the clarification. There is no disagreement as to expected UE behaviour if ack-NACK-NumRepetitions not present in MSG4 if MSG 4 is RRCConnectionSetup.

The main difference is what happens when ack-NACK-NumRepetitions is not included in RRCConnecitonResume, RRCConnectionReconfiguration or RRCConnectionReestablishment.

Two companies consider RAN2 spec is clear if ack-NACK-NumRepetitions is not present in RRCConnectionResume and UE should use the value stored in the UE context.

One company views RRCConnectionReestablishment same as RRCConnectionSetup hence there is no difference how UE should handle the case of ack-NACK-NumRepetitions is not present in either of these two messages.

The case of concern is RRCConnectionReconfiguration. In this case one company thinks it is acceptable for UE to revert to the same value configured in broadcast for MSG4 while others think UE should continue to use the value that was used for MSG4.
· Make spec clarification that is consistent with the current specification without adding new requirements. Potential change: “If absent, except for RRCConnectionResume, the value of ack-NACK-NumRepetitions-Msg4 signalled in SIB2 is used”
Question 3: Should ASN.1 coding be changed to Need OP and action specified for the absence case?

Three companies consider such a change is not backwards compatible
Two companies consider similar discrepancy exists for one or more other IEs hence can live this imperfection.

One company think changing ‘Need ON’ to ‘Need OP’ will change the UE behaviour to that is not desired.
One company thinks changing ‘Need ON’ to ‘Need OP’ is actually aligning ASN.1 with the current IE description hence consider this change is backwards compatible.

· Do not change ‘Need ON’ to ‘Need OP’.

Question 4: Do you support UE indication of clarified behaviour in MSG3.

All companies contributed to the discussion do not want any UE indication to say UE supports clarified behaviour if ack-NACK-NumRepetitions is omitted from RRC dedicated signalling.

· Do not introduce UE indication if clarified behaviour in MSG3.
Question 5: Do you support network -based solution to overcome both issues?

One company prefers a network based solution but propose both a network behaviour and a UE behaviour as follows:

(a) To clarify network always includes ack-NACK-NumRepetitions in RRCConnectionSetup, RRCConnectionReestablishment.

(b) For RRCConnectionResume and RRCConnectionReconfiguration, if the field is absent, the UE continues using the last signalled value.
Five companies prefer a network based solution for the key issue (i.e. lack of clarification on UE behaviour if ack-NACK-NumRepetitions not included in RRC dedicated message).

One company want’s further discussion on release. 

· Leave it to network implementation to handle the uncertainty in UE behaviour when ack-NACK-NumRepetitions not included in RRC dedicated message.
Question 6: If you support network-based solution then should specification recommend such a network behaviour??

One company considers specification changes needed to clarify what is expected of the network.
Six companies consider specification needed for network based solution and leave it to operators and vendors to decide on the best approach.

· No specification changes needed to clarify network behaviour to handle the key issue.
4 Conclusion

From the summary presented in subclause 3, the following conclusion can be reached:
· Clarify specification without creating backwards compatibility issue.
· Let network handle different UE implementations without mandating network to always include ack-NACK-NumRepetitions in dedicated signalling.
Based on the above conclusion, following is proposed:

Proposal: Update description ack-NACK-NumRepetitions to ““If this field is absent, except for RRCConnectionResume, the value used for reception of Msg4 is used”

CR from Release 15 with change corresponding to the proposal is in [6].
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