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	Reason for change:
	In R15, for supporting mixed operation mode, new carrier list ul-ConfigListMixed has been defined. A parameter nprach-Distribution is also introduced for indicating whether combined ul-ConfigList/ul-ConfigListMixed or only ul-ConfigListMixed would be used as non-anchor carrier list for random access.
However, there are still some ambiguities between UE and eNB as following:
1. In the case that ul-ConfigListMixed is present but nprach-Distribution is absent, only ul-ConfigListMixed would be used as non-anchor carrier list for carrier selection for random access. Both ul-ConfigList and the anchor carrier would not be used. In such case, there may exist an ambiguity, e.g., it is not clear whether the ul-ConfigList and the anchor carrier also cannot be used for CFRA or physical layer SR features? For example, eNB may think carrier index 0 can be indicated in PDCCH order but UE may think such PDCCH order is invalid (as UE may have assumption that anchor carrier would not be used). And similar thing can happen for the nprach-CarrierIndex in SR-NPRACH-Resource-NB. Per our understanding, since the resources for CFRA or physical layer SR is selected by eNB and that can be based on eNB implementation. It’s no need to have restriction that ul-ConfigList and the anchor carrier cannot be used in those cases. Therefore, a clarification is needed that the nprach-Distribution should only have impacts on the determination of carrier list for CBRA.
2. In the case that ul-ConfigListMixed is present and nprach-Distribution is present, the concatenated list from ul-ConfigList and ul-ConfigListMixed (by appending ul-ConfigListMixed to ul-ConfigList) would be used as non-anchor carrier list for random access. If we assume the number of carriers in ul-ConfigList is m and the number of carriers in ul-ConfigListMixed is n, it’s clear that the total number of carriers in the concatenated list would equal to (m+n) and (m+n) and would not larger than 15. It’s also clear that in the concatenated list, the identity/index of carriers from ul-ConfigList would be from 1 to m and the identity/index of carriers from ul-ConfigListMixed would be from (m+1) to (m+n). However, in the case that ul-ConfigListMixed is present but nprach-Distribution is absent, only ul-ConfigListMixed would be used as non-anchor carrier list for random access. There is ambiguity about the identity/index of the carriers in this result non-anchor carrier list. One understanding is that the index is still from 1 to n as that in the original ul-ConfigListMixed list, while the other understanding is that the index is from (m+1) to (m+n). As this identity/index would be used for RA-RNTI calculation and also for determining NPRACH resources for physical layer SR, it’s important to make a calrification to resolve this ambiguity. With the following considerations, we prefer the former understanding, e.g., the index of the carriers from ul-ConfigListMixed would be always the index as that in the  concatenated list, e.g., from (m+1) to (m+n): 
· In the definition of npdcch-CarrierIndex, we can see that for the UE supports mixed operation mode, regardlss of whether nprach-Distribution is present, the UE always creates a combined list of DL carriers by appending dl-ConfigListMixed to the dl-ConfigList and only the first maxNonAnchorCarriers-NB-r14 DL non-anchor carriers in the concatenated list can be used for random access. If we assume the number of carriers in dl-ConfigList is p and the number of carriers in dl-ConfigListMixed is q, and if a carrier in dl-ConfigListMixed is configured as carrier for RAR reception for a UL carrier, its index would be in range from (p+1) to min {(p+q), 15}. With reference to such definition of npdcch-CarrierIndex, we think it’s also clearer that, for the final UL non-anchor carrier list, the index of the carriers from ul-ConfigListMixed is its index in the concatenated list, not the index in the original ul-ConfigListMixed, no matter whether nprach-Distribution is present. 
· If in the final UL non-anchor carrier list, the index of the carriers from ul-ConfigListMixed is its index in the original ul-ConfigListMixed, e.g., from 1 to m, it may cause more random access collision. For example, two UEs (support or not support mixed operation mode) may use the first carrier in ul-ConfigList and ul-ConfigListMixed respectively. Even they are using the different carriers, they have same assumption about the carrier index (e.g., carrier_id is 1), and then they may monitor the RAR with same RA-RNTI that will cause unnecessary collision.
3. The spec has no explicit restriction on the total number of the total number of signalled UL non-anchor carriers cannot be more than maxNonAnchorCarriers-NB-r14 in the case that ul-ConfigListMixed is present but nprach-Distribution is absent. In the above discuss point 2, we suggest the index of the carriers from ul-ConfigListMixed would be always the index as that in the concatenated list, e.g., from (m+1) to (m+n), then the index may be larger than maxNonAnchorCarriers-NB-r14. However, as the maximum value of nprach-CarrierIndex in SR-NPRACH-Resource-NB is still maxNonAnchorCarriers-NB-r14, in order to keep consistence, the restriction on the total number also need to be applied to the case that nprach-Distribution is absent. 

	
	

	Summary of change:
	1. To clarify that nprach-Distribution only have impacts on the determination of carrier list for CBRA. 
2. To clarify that if ul-ConfigListMixed is present, the UE supporting mixed operation mode always assume the identity/index of the carriers in the list of UL carriers would be the index in the combined list by appending ul-ConfigListMixed to the ul-ConfigList, no matter whether nprach-Distribution is present.
3. To clarify that the total number of signalled UL non-anchor carriers cannot be more than maxNonAnchorCarriers-NB-r14 even if nprach-Distribution is absent.

Impact Analysis

Impacted functionality:
The changes only have impacts on PRACH carrier selection for NB-IoT UE supporting mixed Operation Mode.

Inter-operability:
If the network is implemented the first change and the UE supporting mixed operation mode is not or vice versa, the UE may think the carrier index indicated by PDCCH order or SR-NPRACH-Resource-NB is invalid.

If the network is implemented the second change and the UE supporting mixed operation mode is not or vice versa, network and UE may have different understanding about index for the carriers in the non-anchor carrier list and further have different calculation about RA-RNTI, this would cause random access failure. Moreover, network and UE may have different understanding about carrier index indicated by SR-NPRACH-Resource-NB and cause physical layer SR failure.

If the network is implemented the third change and the UE supporting mixed operation mode is not, there is no inter-operability issue. If the UE supporting mixed operation mode is implemented the third change and the network is not, the UE may think some carrier index indicated for SR or PDCCH order is invalid. 

	
	

	Consequences if not approved:
	The understanding for paging and PRACH carrier index may be not consistent between UE and eNB for UE supporting mixed Operation Mode.
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[bookmark: _Toc12746159]<Start of the modified section>
–	SystemInformationBlockType22-NB
The IE SystemInformationBlockType22-NB contains radio resource configuration for paging and random access procedure on non-anchor carriers.
SystemInformationBlockType22-NB information element
-- ASN1START

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,	-- Cond dl-ConfigList
			ul-ConfigListMixed-r15			UL-ConfigCommonList-NB-r14	OPTIONAL,	-- Cond ul-ConfigList
			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
	]]
}

DL-ConfigCommonList-NB-r14 ::=		SEQUENCE (SIZE (1.. maxNonAnchorCarriers-NB-r14)) OF
											DL-ConfigCommon-NB-r14

UL-ConfigCommonList-NB-r14 ::=		SEQUENCE (SIZE (1.. maxNonAnchorCarriers-NB-r14)) OF
											UL-ConfigCommon-NB-r14

UL-ConfigCommonListTDD-NB-r15 ::=	SEQUENCE (SIZE (1.. maxNonAnchorCarriers-NB-r14)) OF
											UL-ConfigCommonTDD-NB-r15

DL-ConfigCommon-NB-r14 ::=			SEQUENCE {
	dl-CarrierConfig-r14				DL-CarrierConfigCommon-NB-r14,
	pcch-Config-r14					PCCH-Config-NB-r14			OPTIONAL, -- Need OR
	...,
	[[	wus-Config-r15					WUS-ConfigPerCarrier-NB-r15		OPTIONAL	-- Cond WUS
	]],
	[[	gwus-Config-r16					WUS-ConfigPerCarrier-NB-r15		OPTIONAL	-- Cond GWUS
	]]
}

PCCH-Config-NB-r14 ::=				SEQUENCE {
	npdcch-NumRepetitionPaging-r14		ENUMERATED {
											r1, r2, r4, r8, r16, r32, r64, r128,
											r256, r512, r1024, r2048,
											spare4, spare3, spare2, spare1} OPTIONAL, -- Need OP
	pagingWeight-r14						PagingWeight-NB-r14	DEFAULT w1,
	...
}

PagingWeight-NB-r14	::=			ENUMERATED {w1, w2, w3, w4, w5, w6, w7, w8,
												w9, w10, w11, w12, w13, w14, w15, w16}

UL-ConfigCommon-NB-r14 ::=			SEQUENCE {
	ul-CarrierFreq-r14					CarrierFreq-NB-r13,
	nprach-ParametersList-r14			NPRACH-ParametersList-NB-r14	OPTIONAL, -- Need OR
	...,
	[[	nprach-ParametersListEDT-r15	NPRACH-ParametersList-NB-r14	OPTIONAL -- Cond EDT
	]]
}

UL-ConfigCommonTDD-NB-r15 ::=		SEQUENCE {
	tdd-UL-DL-AlignmentOffset-r15		TDD-UL-DL-AlignmentOffset-NB-r15,
	nprach-ParametersListTDD-r15		NPRACH-ParametersListTDD-NB-r15	OPTIONAL, -- Need OR
	...
}

NPRACH-ProbabilityAnchorList-NB-r14 ::=	SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF
												NPRACH-ProbabilityAnchor-NB-r14

NPRACH-ProbabilityAnchor-NB-r14 ::=		SEQUENCE {
	nprach-ProbabilityAnchor-r14			ENUMERATED {
												zero, oneSixteenth, oneFifteenth, oneFourteenth,
												oneThirteenth, oneTwelfth, oneEleventh, oneTenth,
												oneNinth, oneEighth, oneSeventh, oneSixth,
												oneFifth, oneFourth, oneThird, oneHalf}
														OPTIONAL	-- Need OP
}

-- ASN1STOP

	SystemInformationBlockType22-NB field descriptions

	dl-CarrierConfig
For FDD: Provides the configuration of the DL non-anchor carrier.
For TDD: Provides the configuration of the non-anchor carrier.

	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 pagingWeightAnchor being set to w0, i.e. the anchor carrier is not used.
Otherwise, the pagingDistribution field is not applicable and the UE shall ignore the value.
For TDD: List of non-anchor carriers and associated configuration that can be used for paging and/or random access.

	gwus-Config
For FDD: Carrier specific GWUS Configuration.
If both gwus-Config and wus-Config are present for the carrier, E-UTRAN configures the same value for both fields.

	mixedOperationModeConfig
For FDD: Provides the configuration of DL and UL non-anchor carriers that can be used for paging and random access by a UE that supports mixed operation mode.
For TDD: This parameter is absent.

	npdcch-NumRepetitionPaging
Maximum number of repetitions for NPDCCH common search space (CSS) for paging, see TS 36.213 [23], clause 16.6.
If the field is absent, the value of npdcch-NumRepetitionPaging configured in SystemInformationBlockType2-NB in IE pcch-Config applies.

	nprach-Distribution
Indicates which UL carriers a UE supporting mixed operation mode uses for random access as defined in description of ul-ConfigList, ul-ConfigListMixed. 

	nprach-ParametersList, nprach-ParametersList-EDT
Configure NPRACH parameters for each NPRACH resource on one non-anchor UL carrier. Up to three NPRACH resources can be configured on one non-anchor UL carrier. Each NPRACH resource is associated with a different number of NPRACH repetitions.
NPRACH resources in nprach-ParametersListEDT are used to initiate EDT. Each NPRACH resource is associated with a maximum TBS signalled in the corresponding entry of edt-TBS-InfoList in SystemInformationBlockType2-NB.
E-UTRAN includes the same number of entries, and listed in the same order, as in nprach-ParametersList in SystemInformationBlockType2-NB.

	nprach-ParametersListTDD
For TDD: Configure NPRACH parameters for each NPRACH resource on one non-anchor UL carrier. Up to three NPRACH resources can be configured on one non-anchor UL carrier. Each NPRACH resource is associated with a different number of NPRACH repetitions.
E-UTRAN includes the same number of entries in nprach-ParametersListTDD, and listed in the same order, as in nprach-ParametersListTDD in SystemInformationBlockType2-NB..

	nprach-ProbabilityAnchor
Configure the selection probability for the anchor carrier NPRACH resource, see TS 36.321 [6]. Value zero corresponds to a probability of 0, oneSixteenth corresponds to the probability of 1/16, oneFifteenth corresponds to the probability of 1/15, and so on.
If the field is absent, the selection probability of the anchor carrier NPRACH resource is 1.
All non-anchor carriers NPRACH resources have equal probability between them.
If there is no NPRACH resource defined on the anchor carrier for one repetition level in nprach-ParametersList-EDT, (respectively nprach-ParametersListFmt2, nprach-ParametersListFmt2-EDT), the UE shall use the value 'zero' and ignore the signalled value of nprach-ProbabilityAnchor for this repetition level for the NPRACH resources defined by nprach-ParametersList-EDT (respectively nprach-ParametersListFmt2, nprach-ParametersListFmt2-EDT).

	nprach-ProbabilityAnchorList
Configures the selection probability for each NPRACH resource on the anchor carrier.
E-UTRAN includes the same number of entries, and listed in the same order, as in nprach-ParametersList in SystemInformationBlockType2-NB.

	pagingDistribution
Indicates which DL carriers a UE supporting mixed operation mode monitors for paging as defined in description of dl-ConfigList, dl-ConfigListMixed.

	pagingWeight
Weight of the non-anchor paging carrier for uneven paging load distribution across the carriers. Value w1 corresponds to a relative weight of 1, w2 corresponds to a relative weight of 2, and so on.
The paging load for a carrier 'i' is equal to w(i)/W where i is equal to 0 for the anchor carrier and equal to the index of the carrier in the dl-ConfigList / dl-ConfigListMixed for a non-anchor carrier, W is the sum of the weights of all paging carriers.
To avoid correlation between paging carrier and paging occasion, the weights should be assigned such that: nB * W <= 16384.

	pagingWeightAnchor
Weight of the anchor carrier for uneven paging load distribution across the carriers. Value w1 corresponds to a relative weight of 1, w2 corresponds to a relative weight of 2, and so on.
If the field is absent, the (default) value of w0 is applied, i.e. the anchor carrier is not used for paging.

	pcch-Config
Configure the PCCH parameters for the non-anchor DL carrier.

	tdd-UL-DL-AlignmentOffset
Indicates the offset between the UL carrier frequency center with respect to DL carrier frequency center for the non-anchor carrier.

	ul-CarrierFreq
For FDD: UL carrier frequency of the non-anchor carrier as defined in TS 36.101 [42], clause 5.7.3F.
For TDD: This field is absent and the uplink carrier frequency is same as the downlink frequency.

	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, and the total number of signalled UL non-anchor carriers cannot be more than maxNonAnchorCarriers-NB-r14.
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 contention based 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 contention based 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 contention based random access.
[bookmark: _GoBack]-	Regardless of the nprach-Distribution is present or not, the UE supporting mixed operation mode always assume the identity/index of the carriers in the list of UL carriers would be the index in the combined list by appending ul-ConfigListMixed to the ul-ConfigList.
Otherwise, the nprach-Distribution field is not applicable and the UE shall ignore the value.
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.

	wus-Config
For FDD: Carrier specific WUS Configuration.



	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.

	EDT
	The field is optionally present, Need OR, if edt-Parameters in SystemInformationBlockType2-NB is present; otherwise the field is not present and the UE shall delete any existing value for this field.

	GWUS
	This field is optionally present, Need OR, if gwus-Config-r16 is present in SystemInformationBlockType2-NB. Otherwise the field is not present.

	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.

	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.

	TDD
	This field is optionally present, Need OR, for TDD. Otherwise the field is not present.

	ul-ConfigList
	This field is optionally present, Need OR, if the field ul-ConfigList is present. Otherwise the field is not present.

	WUS
	This field is mandatory present, if the field wus-Config is present in SystemInformationBlockType2-NB. Otherwise the field is not present, Need OR.
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