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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In NB-IoT Rel-16, the agreements related to multiple DL/UL transport blocks are summarized in [1]. In this contribution, we provide our views on the remaining issues.
2. RV cycling
In NB-IoT, RV cycling is supported since Rel-13, i.e. RV0 and RV2 are alternately used in two adjacent repetition cycles and the RV of the first cycle is indicated by DCI. Such RV cycling can achieve coding gain. This is shown  in Figure 1, where 12-tone transmission,  and  are assumed. There are four repetition cycles, numbered in cycle 0, 1, 2 and 3. RV0 and RV2 are alternately used among them.
[image: ]
[bookmark: _Ref39760296]Figure 1 Illustration of legacy RV cycling
In NB-IoT, the description of RV cycling in current specification is as follows. 
	Extracted from TS 36.213
16.5.1.2	Modulation order, redundancy version and transport block size determination
…














NPUSCH is transmitted in N consecutive NB-IoT UL slots, ni , i=0,1,…,N-1. The redundancy version  of the NPUSCH transmission in jth block of B consecutive NB-IoT UL slots ni , is determined by, , where  if ,  otherwise. Portion of NPUSCH codeword with  as defined in clause 6.3.2 in [4] mapped to slot  of allocated  resource unit(s) is transmitted in NB-IoT UL slots ni for and  for 



Based on the highlighted part, it can be derived that RV cycling is used among the consecutive NB-IoT UL slots ni with . 
For multiple TB scheduling without interleaving, the consecutive NB-IoT UL slots ni with  are associated to the first TB. And the consecutive NB-IoT UL slots ni with  are associated to the second TB. Based on current specification, RV cycling is used for the first TB. But whether RV cycling is used and how to determine the RV for the second TB are not specified. 
[bookmark: _Ref39764507]Observation 1: For multiple TB scheduling without interleaving, whether RV cycling is used and how to determine the RV for the second TB are not specified.
For multiple TB scheduling with interleaving, the consecutive NB-IoT UL slots ni with  are only associated to part of the first TB and part of second TB. Based on current specification, RV cycling is jointly used in the part of the first TB and the part of second TB. From the perspective of each TB, the same RV is used without RV cycling. Whether RV cycling is used and how to determine the RV for the rest of the first TB and second TB is not specified.
[bookmark: _Ref39764514]Observation 2: For multiple TB scheduling with interleaving, whether RV cycling is used and how to determine the RV for rest of the first and second TB are not specified.
For multiple TB scheduling with interleaving or without interleaving, it is preferable that the same RV cycling as legacy is reused to keep the same performance as legacy from the perspective of each TB.
[bookmark: _Ref35876148][bookmark: _Ref39764524]Proposal 1: For multiple TB scheduling with or without interleaving, the same RV cycling as legacy is reused from the perspective of each TB.
To cover multi-TB transmission both with and without interleaving, “consecutive” can be deleted and it can be clarified that “N NB-IoT UL slots” are slots associated with one TB. Corresponding TP is in Annex A.
[bookmark: _Ref35876155]Proposal 2: Adopt the text proposals in Annex A for TS 36.213.
3. RRC parameter name correction
In current RAN1 specification, some RRC parameter names are not aligned with RAN2, Where RRC structure for multiple TB scheduling is endorsed in [2]. 
The followings are for DL unicast.
	[bookmark: _Toc37082773][bookmark: _Toc36939793][bookmark: _Toc36847140][bookmark: _Toc36810776][bookmark: _Toc36567322][bookmark: _Toc29344056][bookmark: _Toc29342917][bookmark: _Toc20487615]–	NPDSCH-Config-NB
…
NPDSCH-Config-NB information element
-- ASN1START
…
NPDSCH-ConfigDedicated-NB-r16 ::=	SEQUENCE {
	npdsch-MultiTB-Config-r16			NPDSCH-MultiTB-Config-NB-r16	 OPTIONAL	-- Cond twoHARQ
}

NPDSCH-MultiTB-Config-NB-r16 ::=	SEQUENCE {
	multiTB-Config-r16					ENUMERATED {interleaved, nonInterleaved},
	harq-ACK-Bundling-r16				ENUMERATED {true}		OPTIONAL	-- Cond interleaved
}

-- ASN1STOP

	NPDSCH-Config-NB field descriptions

	multiTB-Config 
For FDD: Activation of multiple TBs scheduling in DL, see TS 36.213 [23]. Value interleaved indicates that multiple TBs scheduling with interleaved transmission is enabled, value nonInterleaved indicates that multiple TBs scheduling without interleaved transmission is enabled.

	harq-ACK-Bundling
For FDD: Activation of HARQ ACK bundling for DL multiple TBs scheduling with interleaved transmission, see TS 36.213 [23].






The followings are for UL unicast.
	[bookmark: _Toc37082775][bookmark: _Toc36939795][bookmark: _Toc36847142][bookmark: _Toc36810778][bookmark: _Toc36567324][bookmark: _Toc29344058][bookmark: _Toc29342919][bookmark: _Toc20487617]–	NPUSCH-Config-NB
…
NPUSCH-Config-NB information element
-- ASN1START
…
NPUSCH-ConfigDedicated-NB-v16xy ::=	SEQUENCE {
	npusch-MultiTB-Config-r16					ENUMERATED {interleaved, nonInterleaved}
}

ACK-NACK-NumRepetitions-NB-r13	::=	ENUMERATED {r1, r2, r4, r8, r16, r32, r64, r128}


-- ASN1STOP
...
npusch-MultiTB-Config 
For FDD: Activation of multiple TBs scheduling in UL, see TS 36.213 [23]. Value interleaved indicates that multiple TBs scheduling with interleaved transmission is enabled, value nonInterleaved indicates that multiple TBs scheduling without interleaved transmission is enabled.



The followings are for SC-PTM.
	[bookmark: _Toc37082740][bookmark: _Toc36939760][bookmark: _Toc36847107][bookmark: _Toc36810743][bookmark: _Toc36567294][bookmark: _Toc29344028][bookmark: _Toc29342889][bookmark: _Toc20487588]–	SCPTMConfiguration-NB
The SCPTMConfiguration-NB message contains the control information applicable for MBMS services transmitted via SC-MRB.
Signalling radio bearer: N/A
RLC-SAP: UM
Logical channel: SC-MCCH
Direction: E‑UTRAN to UE
SCPTMConfiguration-NB message
-- ASN1START

SCPTMConfiguration-NB-r14 ::=	SEQUENCE {
	sc-mtch-InfoList-r14			SC-MTCH-InfoList-NB-r14,
	scptm-NeighbourCellList-r14		SCPTM-NeighbourCellList-NB-r14		OPTIONAL,	-- Need OP
	lateNonCriticalExtension		OCTET STRING						OPTIONAL,
	nonCriticalExtension			SCPTMConfiguration-NB-v16xy	OPTIONAL
}

SCPTMConfiguration-NB-v16xy ::=	SEQUENCE {
	sc-mtch-InfoListMultiTB-r16		SC-MTCH-InfoList-NB-r14,
	multiTB-Gap-r16					ENUMERATED {sf16, sf32, sf64, sf128}	OPTIONAL,	-- Need OR
	nonCriticalExtension			SEQUENCE {}							OPTIONAL
}

-- ASN1STOP

	SCPTMConfiguration-NB field descriptions

	multiTB-Gap
Indicates the scheduling gap for SC-MTCH using multiple TB scheduling, see TS 36.211 [21] and TS 36.213 [23]. Value sf16 corresponds to 16 subframes, sf32 corresponds to 32 subframes, and so on. If the field is absent, there is no scheduling gap.

	sc-mtch-InfoList
Provides the configuration of each SC-MTCH not using multiple TB scheduling in the current cell.

	sc-mtch-InfoListMultiTB
Provides the configuration of each SC-MTCH using multiple TB scheduling in the current cell.
The total number of signalled SC-MTCH configuration in sc-mtch-InfoList and sc-mtch-InfoListMultiTB cannot be more than maxSC-MTCH-NB-r14.

	scptm-NeighbourCellList
List of neighbour cells providing MBMS services via SC-MRB. When absent, the UE shall assume that MBMS services listed in the SCPTMConfiguration-NB message are not provided via SC-MRB in any neighbour cell.






To avoid confusion, the TPs in Annex B and Annex C are made to align them.
[bookmark: _Ref35876181]Proposal 3: Adopt the text proposals in Annex B for TS 36.212 and Annex C for TS 36.213.
4. Conclusion
In this contribution, our views on the remaining issues of multiple TB scheduling are provided. The following proposals are made.
Observation 1: For multiple TB scheduling without interleaving, whether RV cycling is used and how to determine the RV for the second TB are not specified.
Observation 2: For multiple TB scheduling with interleaving, whether RV cycling is used and how to determine the RV for rest of the first and second TB are not specified.
Proposal 1: For multiple TB scheduling with or without interleaving, the same RV cycling as legacy is reused from the perspective of each TB.
[bookmark: _GoBack]Proposal 2: Adopt the text proposals in Annex A for TS 36.213.
Proposal 3: Adopt the text proposals in Annex B for TS 36.212 and Annex C for TS 36.213.
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[bookmark: _Ref35874275]Annex A for TS 36.213
---------------------------------------------- Start of Text Proposal ------------------------------------------
-------------------------------------------- Unchanged parts omitted -----------------------------------------
16.5.1.2	Modulation order, redundancy version and transport block size determination
…
-------------------------------------------- Unchanged parts omitted -----------------------------------------















NPUSCH associated with a TB is transmitted in N consecutive NB-IoT UL slots associated with the TB, ni , i=0,1,…,N-1. The redundancy version  of For the NPUSCH transmission in jth block of B consecutive NB-IoT UL slots associated with the TB ni , , the redundancy version  associated with the TB is determined by, , where  if ,  otherwise. Portion of NPUSCH codeword with   associated with a TB as defined in clause 6.3.2 in [4] mapped to slot  of allocated  resource unit(s) is transmitted in NB-IoT UL slots associated with the TB ni for and  for 
-------------------------------------------- Unchanged parts omitted -----------------------------------------
----------------------------------------------- End of Text Proposal ------------------------------------------
[bookmark: _Ref35876109]Annex B for TS 36.212
---------------------------------------------- Start of Text Proposal ------------------------------------------
-------------------------------------------- Unchanged parts omitted -----------------------------------------
[bookmark: _Toc10818837][bookmark: _Toc20409247][bookmark: _Toc29387788][bookmark: _Toc29388817][bookmark: _Toc35531692]6.4.3.1	DCI Format N0
-------------------------------------------- Unchanged parts omitted -----------------------------------------
-	Number of scheduled TB for Unicast – 1 bit, where value 0 indicates a single TB is scheduled and value 1 indicates multiple TB are scheduled. This field is only present if higher layer parameter npusch-MultiTB-Configmulti-TB-Unicast-config is enabled and the corresponding DCI is mapped onto the UE specific search space given by the C-RNTI as defined in [3]. The field is set to 0 if the CRC of the DCI is scrambled by SPS C-RNTI.
-------------------------------------------- Unchanged parts omitted -----------------------------------------
[bookmark: _Toc10818838][bookmark: _Toc20409248][bookmark: _Toc29387789][bookmark: _Toc29388818][bookmark: _Toc35531693]6.4.3.2	DCI Format N1
-------------------------------------------- Unchanged parts omitted -----------------------------------------
-	Number of scheduled TB for Unicast – 1 bit, where value 0 indicates a single TB is scheduled and value 1 indicates multiple TB are scheduled. This field is only present if higher layer parameter multiTB-Configmulti-TB-Unicast-config is enabled and the corresponding DCI is mapped onto the UE specific search space given by the C-RNTI as defined in [3]
-------------------------------------------- Unchanged parts omitted -----------------------------------------
----------------------------------------------- End of Text Proposal ------------------------------------------
Annex C for TS 36.213
---------------------------------------------- Start of Text Proposal ------------------------------------------
-------------------------------------------- Unchanged parts omitted -----------------------------------------
16.4	Narrowband physical downlink shared channel related procedures
-------------------------------------------- Unchanged parts omitted -----------------------------------------
For a NB-IoT UE that supports twoHARQ-Processes-r14 or the UE is configured with higher layer parameter multiTB-Configmulti-TB-Unicast-config, there shall be a maximum of 2 downlink HARQ processes.
-------------------------------------------- Unchanged parts omitted -----------------------------------------
16.4.1	UE procedure for receiving the narrowband physical downlink shared channel
-------------------------------------------- Unchanged parts omitted -----------------------------------------

-	for , 

-	if the UE is configured with higher layer parameter multiTB-Config with value of ‘interleaved’multi-TB-DL-Unicast-Interleaving-config, and NPDSCH corresponding to a NPDCCH with DCI CRC scrambled by C-RNTI, and 



-	NB-IoT DL subframes  with  are associated with TBr+1 , 
-	otherwise,



-	NB-IoT DL subframes  with  are associated with TBr+1 , 

-	for  and NPDSCH corresponding to an NPDCCH with DCI CRC scrambled by G-RNTI,

-	if multiTB-Gapmulti-TB-SC-MTCH-scheduling-gap-config is equal to 0not configured and , a processing gap of 20ms is inserted after every 2 TBs

-	otherwise, a scheduling gap with a length equal to the indicated value of multiTB-Gapmulti-TB-SC-MTCH-scheduling-gap-config is inserted between TBr and TBr+1, .
-	If the scheduling gap or the processing gap overlaps with the NPDSCH transmission gap defined in [3], the overlapped part of the scheduling gap or processing gap is also counted as the part of NPDSCH transmission gap.
-------------------------------------------- Unchanged parts omitted -----------------------------------------
16.4.1.5	Modulation order and transport block size determination
-------------------------------------------- Unchanged parts omitted -----------------------------------------
For a NPDCCH UE-specific search space, if the UE is configured with higher layer parameter twoHARQ-ProcessesConfig, or the UE is configured with higher layer parameter multiTB-Configmulti-TB-Unicast-config and single TB is scheduled in the corresponding DCI
-	the NDI and HARQ process ID as signalled on NPDCCH, and the TBS, as determined above, shall be delivered to higher layers,
otherwise
-	the NDI as signalled on NPDCCH, and the TBS, as determined above, shall be delivered to higher layers. HARQ process ID of 0 shall be assumed. If the UE is configured with higher layer parameter multiTB-Configmulti-TB-Unicast-config and multiple TB are scheduled in the corresponding DCI, the HARQ process ID of 0 is for the first TB and HARQ process ID of 1 shall be assumed for the second TB.
-------------------------------------------- Unchanged parts omitted -----------------------------------------
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 

-	DL subframe for FDD,

-	 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

-	, where 

-	the value of 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, 

-	the value of  is the number of slots of the resource unit (defined in clause 10.1.2.3 of [3]), and 




-	if the UE is configured with higher layer parameter harq-ACK-Bundlingmulti-TB-HARQ-ACK-Bundling, then , otherwise , where the value of is determined by the number of scheduled TB field if present in the NPDCCH corresponding to the NPDSCH, otherwise ,
-	allocated subcarrier for ACK/NACK and value of k0 is determined by the ACK/NACK resource field in the DCI format of the corresponding NPDCCH according to Table 16.4.2-1, and Table 16.4.2-2,

-	for FDD, .

-	for TDD, .

-	For 
-	if the UE is configured with higher layer parameter harq-ACK-Bundlingmulti-TB-HARQ-ACK-Bundling, and the NPDSCH corresponding to a NPDCCH with DCI CRC scrambled by C-RNTI,

-	the ACK/NACK response is generated by performing a logical AND operation of HARQ-ACKs corresponding to the TBr+1 ,  
-	otherwise,



-	NB-IoT UL slots  with  of the NPUSCH carry ACK/NACK response for TBr+1 , 
-------------------------------------------- Unchanged parts omitted -----------------------------------------
16.5	Narrowband physical uplink shared channel related procedures
-------------------------------------------- Unchanged parts omitted -----------------------------------------
For a NB-IoT UE that supports twoHARQ-Processes-r14 or the UE is configured with higher layer parameter npusch-MultiTB-Configmulti-TB-Unicast-config, there shall be a maximum of 2 uplink HARQ processes. 
-------------------------------------------- Unchanged parts omitted -----------------------------------------
16.5.1	UE procedure for transmitting format 1 narrowband physical uplink shared channel
-------------------------------------------- Unchanged parts omitted -----------------------------------------

-	For , 




-	if the UE is configured with higher layer parameter npusch-MultiTB-Config with value of ‘interleaved’multi-TB-UL-Unicast-Interleaving-config, and NPUSCH corresponding to a NPDCCH with DCI CRC scrambled by C-RNTI, and  where  for ,  otherwise.



-	NB-IoT UL slots  with  are associated with TBr+1 , 
-	otherwise,



-	NB-IoT UL slots  with  are associated with TBr+1 , 
-------------------------------------------- Unchanged parts omitted -----------------------------------------
16.5.1.2	Modulation order, redundancy version and transport block size determination
-------------------------------------------- Unchanged parts omitted -----------------------------------------

If the UE is configured with higher layer parameter npusch-MultiTB-Configmulti-TB-Unicast-config and multiple TB are scheduled in the corresponding DCI,  is used for each TB.
-------------------------------------------- Unchanged parts omitted -----------------------------------------
For a NPDCCH UE-specific search space, if the UE is configured with higher layer parameter twoHARQ-ProcessesConfig, or the UE is configured with higher layer parameter npusch-MultiTB-Configmulti-TB-Unicast-config and single TB is scheduled in the corresponding DCI
-	the NDI and HARQ process ID as signalled on NPDCCH, and the RV and TBS, as determined above, shall be delivered to higher layers,
otherwise
-	the NDI as signalled on NPDCCH, and the RV and TBS, as determined above, shall be delivered to higher layers. If the UE is configured with higher layer parameter npusch-MultiTB-Configmulti-TB-Unicast-config and multiple TB are scheduled in the corresponding DCI, HARQ process ID of 0 shall be assumed for the first TB and HARQ process ID of 1 shall be assumed for the second TB.
-------------------------------------------- Unchanged parts omitted -----------------------------------------
16.6	Narrowband physical downlink control channel related procedures
-------------------------------------------- Unchanged parts omitted -----------------------------------------
For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig or npusch-MultiTB-Configmulti-TB-Unicast-config and if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n, and if the corresponding NPUSCH format 1 transmission starts from n+k,
-	if the corresponding NPDCCH with DCI format N0 with CRC scrambled by C-RNTI schedules two transport blocks as determined by the number of scheduled TB field if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k-1, otherwise the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2 to subframe n+k-1; and
· the UE does not expect to receive a DCI Format N0 before subframe n+k-2 for which the corresponding NPUSCH format 1 transmission ends later than subframe n+k+255 if the corresponding NPDCCH with DCI format N0 schedules one transport block. 
-	for TDD, and if the corresponding NPUSCH format1 transmission ends in subframe n+m, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m-1.
otherwise
-	if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n or receives a NPDSCH carrying a random access response grant ending in subframe n, and if the corresponding NPUSCH format 1 transmission starts from n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1. 
-	for TDD, if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n or receives a NPDSCH carrying a random access response grant ending in subframe n, and if the corresponding NPUSCH format 1 transmission ends in n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k.
For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig or multiTB-Configmulti-TB-Unicast-config
-	and if the NB-IoT UE detects NPDCCH with DCI Format N1 or N2 ending in subframe n, and if a NPDSCH transmission starts from n+k, 
-	if the corresponding NPDCCH with DCI format N1 with CRC scrambled by C-RNTI schedules two transport blocks as determined by the number of scheduled TB field if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k-1;
-	otherwise, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2 to subframe n+k-1;
otherwise
-	if the NB-IoT UE detects NPDCCH with DCI Format N1 or N2 ending in subframe n, and if the corresponding NPDSCH transmission starts from n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1.
-------------------------------------------- Unchanged parts omitted -----------------------------------------
----------------------------------------------- End of Text Proposal ------------------------------------------
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