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Introduction
Mixed operation mode was introduced in rel-15 in NB-IoT to allow multi-carrier operation where the anchor carrier is in standalone mode while the non-anchor carrier is in inband or guardband mode, and vice versa. The feature can be used for paging, random access and unicast.
For paging and random access, the configuration parameters have been introduced in SIB22 which is used in rel-14 for multi-carrier operation and which is a required SIB. However, as no condition on the presence of the new parameters have been specified, it is not clear which combinations are valid. 

In this document, we discuss the different combinations and propose a way forward.
Discussion
Background
The configuration parameters for paging and random access in mixed operation mode are carried in SIB22 as highlighted below.
SystemInformationBlockType22-NB-r14 ::=	SEQUENCE {
	dl-ConfigList-r14 					DL-ConfigCommonList-NB-r14	OPTIONAL,	-- Need OR
	ul-ConfigList-r14 					UL-ConfigCommonList-NB-r14	OPTIONAL,	-- Need OR
	pagingWeightAnchor-r14				PagingWeight-NB-r14			OPTIONAL,	-- Cond pcch-config
	nprach-ProbabilityAnchorList-r14	NPRACH-ProbabilityAnchorList-NB-r14	OPTIONAL,	-- Cond nprach-config
	lateNonCriticalExtension			OCTET STRING					OPTIONAL,
	...,
	[[	mixedOperationModeConfig-r15	SEQUENCE {
			dl-ConfigListMixed-r15			DL-ConfigCommonList-NB-r14	OPTIONAL,	-- Need OR
			ul-ConfigListMixed-r15			UL-ConfigCommonList-NB-r14	OPTIONAL,	-- Need OR
			pagingDistribution-r15			ENUMERATED {true}			OPTIONAL,	-- Need OR
			nprach-Distribution-r15			ENUMERATED {true}			OPTIONAL 	-- Need OR
		}																OPTIONAL,	-- Need OR
		ul-ConfigList-r15				UL-ConfigCommonListTDD-NB-r15	OPTIONAL	-- Cond TDD
	]]
}

Based on the ASN.1, there is no signalling dependency between the parameters within mixedOperationModeConfig-r15 nor signaling dependency between the parameters in mixedOperationModeConfig-r15 and the legacy parameters in rel-14.

Analysis of the unclear scenarios for multi-carrier paging
In the table below, we illustrate all possible parameters combinations for paging. Similar table would also apply to random access.
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1) Signalling of pagingDistribution
No condition has been specified for the presence of parameter pagingDistribution either in the condition table or in the field description. 
Considering that the parameter is used by a UE supporting mixed operation mode to decide whether to use the DL carriers signalled in both lists (when present) or to use only the DL carriers signalled in the new list (when absent), it seems obvious that the parameter is only meaningful when dl-ConfigListMixed is present. Furthermore, as the parameter is used to determine which carriers are used for paging, there should also be DL carrier configured for paging in dl-ConfigList and dl-ConfigListMixed.
Thus it is proposed to add a condition in the ASN.1 similar to the condition pcch-Config defined in Rel-14. Note that this has no actual impact on the ASN.1 as the field is already OPTIONAL.
Proposal 1: Add a condition on the signalling of pagingDistribution to the presence of dl-ConfigListMixed.
pagingDistribution-r15			ENUMERATED {true}			OPTIONAL,	-- Need ORCond pcch-ConfigMixed

	Conditional presence
	Explanation

	pcch-Config
	This field is optionally present, Need OP, if the field dl-ConfigList is present and at least one of the carriers in dl-ConfigList is configured for paging. Otherwise the field is not present and only the anchor carrier is used for paging.

	pcch-ConfigMixed
	This field is optionally present, Need OR, if the field dl-ConfigListMixed is present, and at least one of the carriers in dl-ConfigList and one of the carriers in dl-ConfigListMixed are configured for paging. Otherwise the field is not present and carriers in mixed operation mode are not used for paging.



Proposal 2: Clarify in the field description of dl-ConfigList, dl-ConfigListMixed that the pagingDistribution indicator only applies when dl-ConfigListMixed is signalled.
	dl-ConfigList, dl-ConfigListMixed
For FDD: List of DL non-anchor carriers and associated configuration that can be used for paging and/or random access. E-UTRAN configures DL non-anchor carriers operating in mixed operation mode only in dl-ConfigListMixed and only a UE that supports mixed operation mode uses the carriers in dl-ConfigListMixed. A given carrier is either signalled in the dl-ConfigList or in dl-ConfigListMixed.
If dl-ConfigListMixed is present and at least one of the carriers in dl-ConfigListMixed is configured for paging:
-	If pagingDistribution is present, the UE supporting mixed operation mode creates a combined list of DL carriers for paging by appending dl-ConfigListMixed to the dl-ConfigList while maintaining the order among dl-ConfigList and dl-ConfigListMixed; the total number of signalled DL non-anchor carriers cannot be more than maxNonAnchorCarriers-NB-r14.
-	If pagingDistribution is absent, the UE supporting mixed operation mode uses the list of DL carriers for paging provided in dl-ConfigListMixed and considers pagingWeigthAnchor being set to w0, i.e. the anchor carrier is not used.
For TDD: List of non-anchor carriers and associated configuration that can be used for paging and/or random access.



2) Signalling of dl-ConfigMixedList
No condition has been specified for the presence of parameter dl-ConfigListMixed either in the condition table or in the field description. 
Thus the questions arise of whether it is possible to signal dl-ConfigListMixed without signaling dl-ConfigList and whether it is possible to have multi-carrier paging on mixed operation mode carriers only.
In our recollection, this scenario has never been explicitly discussed in RAN2. The initial intention has been to extend the list of carriers for paging with mixed operation mode carriers, then it was proposed to allow both types of carriers in dl-ConfigListMixed and instruct supporting UEs via the pagingDistribution indicator to use carriers only in the dl-ConfigListMixed.
Also, the pcch-Config condition related to the legacy non-anchor carriers states that in absence of legacy non-anchor paging carriers, multi-carrier paging is not used.
	pcch-Config
	This field is optionally present, Need OP, if the field dl-ConfigList is present and at least one of the carriers in dl-ConfigList is configured for paging. Otherwise the field is not present and only the anchor carrier is used for paging.



We would have concern on allowing multi-carrier operation (paging/ random access) on mixed operation mode carriers only. SIB22 is an essential SIB and all rel-14 onwards UEs are mandated to acquire it. Requiring legacy UEs to acquire a SIB (that can be quite big) that contains no information for them, will have a negative impact on these UEs. If the intention was to allow multi-carrier operation (paging/ random access) on mixed operation mode carriers only, this should have been introduced via a separate SIB.
Based on the above analysis, we propose not to allow the scenario of having multi-carrier paging only on mixed operation mode carriers.
Proposal 3: Multi-carrier paging only on mixed operation mode carriers is not supported.
Proposal 4: Add a condition on the signalling of dl-ConfigListMixed to the presence of dl-ConfigList.
dl-ConfigListMixed-r15			DL-ConfigCommonList-NB-r14	OPTIONAL,	-- Need ORCond dl-ConfigList

	Conditional presence
	Explanation

	dl-ConfigList
	This field is optionally present, Need OR, if the field dl-ConfigList is present. Otherwise the field is not present and DL carriers in mixed operation mode are not used.



Analysis of the unclear scenarios for multi-carrier PRACH
A similar table to the one in section 2.2 could be drawn for random access in multi-carrier operation and similar analysis would apply. Thus we have the corresponding proposals:
Proposal 5: Add a condition on the signalling of nprach-Distribution to the presence of ul-ConfigListMixed.
nprach-Distribution-r15			ENUMERATED {true}			OPTIONAL,	-- Need ORCond nprach-ConfigMixed

	Conditional presence
	Explanation

	nprach-config
	This field is mandatory present, if the field ul-ConfigList is present and at least one of the carriers in ul-ConfigList is configured for random access. Otherwise the field is not present and only the anchor carrier is used for random access.

	nprach-ConfigMixed
	This field is optionally present, Need OR, if the field ul-ConfigListMixed is present, and at least one of the carriers in ul-ConfigList and one of the carriers in ul-ConfigListMixed are configured for random access. Otherwise the field is not present and carriers in mixed operation mode are not used for random access.



Proposal 6: Clarify in the field description of ul-ConfigList, ul-ConfigListMixed that the distribution indicator only applies when ul-ConfigListMixed is signalled.
	ul-ConfigList, ul-ConfigListMixed
For FDD: List of UL non-anchor carriers and associated configuration that can be used for random access. E-UTRAN configures UL non-anchor carriers operating in mixed operation mode only in ul-ConfigListMixed and only a UE that supports mixed operation mode uses the carriers in ul-ConfigListMixed. A given carrier is either signalled in the ul-ConfigList or in ul-ConfigListMixed.
If ul-ConfigListMixed is present and at least one of the carriers in ul-ConfigListMixed is configured for random access:
-	If nprach-Distribution is present, the UE supporting mixed operation mode creates a combined list of UL carriers for random access by appending ul-ConfigListMixed to the ul-ConfigList while maintaining the order among both ul-ConfigList and ul-ConfigListMixed; the total number of signalled UL non-anchor carriers cannot be more than maxNonAnchorCarriers-NB-r14.
-	If nprach-Distribution is absent, the UE supporting mixed operation mode uses /the list of UL carriers for random access provided in ul-ConfigListMixed and considers nprach-ProbabiliyAnchor being set to zero for each NPRACH resource, i.e. the anchor carrier is not used for random access.
For TDD: E-UTRAN configures ul-ConfigList-r15 and includes the same number of entries as in dl-ConfigList. The UL carrier frequency of the non-anchor carrier is same as the DL carrier frequency.



Proposal 7: Multi-carrier PRACH only on mixed operation mode carriers is not supported.
Proposal 8: Add a condition on the signalling of ul-ConfigListMixed to the presence of ul-ConfigList.
dl-ConfigListMixed-r15			DL-ConfigCommonList-NB-r14	OPTIONAL,	-- Need ORCond ul-ConfigList

	Conditional presence
	Explanation

	ul-ConfigList
	This field is optionally present, Need OR, if the field ul-ConfigList is present. Otherwise the field is not present and UL carriers in mixed operation mode are not used.



Conclusion
In this document, we have discussed some ambiguities for multi-carrier operation using mixed operation mode carriers and have made the following proposals:
Proposal 1: Add a condition on the signalling of pagingDistribution to the presence of dl-ConfigListMixed.
Proposal 2: Clarify in the field description of dl-ConfigList, dl-ConfigListMixed that the pagingDistribution indicator only applies when dl-ConfigListMixed is signalled.
Proposal 3: Multi-carrier paging only on mixed operation mode carriers is not supported.
Proposal 4: Add a condition on the signalling of dl-ConfigListMixed to the presence of dl-ConfigList.
[bookmark: _GoBack]Proposal 5: Add a condition on the signalling of nprach-Distribution to the presence of ul-ConfigListMixed.
Proposal 6: Clarify in the field description of ul-ConfigList, ul-ConfigListMixed that the nprach-distribution indicator only applies when ul-ConfigListMixed is signalled.
Proposal 7: Multi-carrier PRACH only on mixed operation mode carriers is not supported.
Proposal 8: Add a condition on the signalling of ul-ConfigListMixed to the presence of ul-ConfigList.

The sourcing companies have provided a CR in [1] to capture the above proposals.
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