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[bookmark: _Ref535834157]In RAN #86 plenary meeting and RAN1 #100-e meeting, CRs for scheduling of multiple transport blocks were agreed [1][2]. However, there are still essential remaining issues. Discussions and text proposals are given in this contribution to make the specification more clear and complete. 
1 Discussion
1.1 Interleaving granularity
In RAN1 #99 meeting [4], the following was agreed for the interleaving granularity. 
	RAN1 #99
Agreement
For unicast interleaved transmission without frequency hopping, the interleaving granularity is 1 repetition (RU) of a TB in CE mode A and 4 repetitions (RUs) of a TB in CE mode B in FDD and TDD
•	No changes to the legacy RV rules


Based on the agreement, different TBs are interleaved based on the actual repetitions not the absolute subframes. However, according to current specification, RV changes every Nacc absolute subframes, where Nacc=5 for PUSCH and Nacc=10 for PDSCH for TDD in CEMode B. Then in some cases, within one interleaving granularity (4 repetitions) different RVs will be applied to the TB, which will reduce the performance gain by combining different RVs of one TB and will largely degrade the system performance. An example is shown in figure 1, where the uplink-downlink configuration 6 is assumed.
[image: ]
Figure 1. RV in an interleaving granularity
As illustrated in Figure 1, for PUSCH, the RV changes every 5 absolute subframes and the TB is changed every 4 repetitions. Then we can observe that the RV is 0 for the first three repetitions of TB0, and 2 for the last repetition within an interleaving granularity. As a result, for TB0 the repetitions within one granularity cannot be signal-combined together, which will largely degrade the performance. Therefore, to resolve the above issue, the interleaving granularity should be based on the absolute subframes and be multiple of Nacc.
In addition, the TB interleaving may not be aligned with frequency hopping either. As a result, there can be different TBs in the same PRB across subframes, and the signal combination cannot be used for a certain TB.
Observation 1: The system performance will be largely reduced if applying the current interleaving granularity due to the misalignment between TB interleaving and RV, and the misalignment between TB interleaving and frequency hopping.
In order to combine different repetitions of one TB in signal level to improve the performance, it is beneficial for the consecutive repetitions of one TB to be in the same narrowband. For frequency hopping, Ych is configured from values below: 
· CEModeA : {1,2,4,8} for FDD, {1,5,10,20} for TDD
· CEModeB : {2,4,8,16} for FDD, {5,10,20,40} for TDD
It can be observed that the value of Ych can be configured as multiple of the values of Nacc, so taking the RV and frequency hopping into consideration the value of interleaving granularity can be Ych.
Proposal 1: For unicast interleaved transmission, the interleaving granularity is Ych consecutive absolute subframes in CE mode B in FDD and TDD, where Ych is the frequency hopping granularity.
Proposal 2: Endorse the text proposal in Annex I to 36.213.
Frequency hopping 
As illustrated in Figure 2, in some cases TB1 is only transmitted on narrowband2 and TB2 is only transmitted on narrowband1, and the benefits of frequency hopping cannot be achieved. In order to deal with this issue, frequency hopping locations can be shifted based on an offset, so that each TB can be transmitted with frequency hopping practically. As shown in Figure 3, the frequency location is shifted in every round of transmission. Based on the principle, the frequency hopping equation can be modified as below:
[image: ]
where y can be equal to the number of scheduled TBs. We can observe that when frequency hopping is done based on the above equation, the frequency location of the TBs in the Nth round will be shifted N* narrowbands.
[image: ]
Figure 2. Frequency hopping pattern for interleaving case
	[image: ]
[bookmark: _Ref23273048]Figure 3. Frequency hopping location shift
Proposal 3: When interleaving is enabled for multiple TBs scheduling, the frequency hopping pattern is determined based on the following equation:
[image: ]
1.2 HARQ ACK bundling size
Based on the agreement achieved in RAN1 #98b meeting [3], the actual HARQ-ACK bundling size is indicated by DCI and the maximum bundle size is 4. 
	RAN1 #98b
Agreement
For UEs that support multi-TB scheduling with HARQ-ACK bundling, the bundling is enabled/disabled/configured by RRC and the actual bundle size is indicated by DCI

Agreement
· For UEs that support multi-TB scheduling with HARQ-ACK bundling, the maximum bundle size is 4.
· Strive to reuse Rel-14 HARQ-ACK bundling feature as baseline at least for the non-interleaving case


In addition, Rel-14 HARQ-ACK bundling feature is regarded as the baseline, so 2 bits HARQ-ACK bundling size field exactly follows the achieved agreement.
In the last meeting, there are proposals to introduce 1 bit field or even 0 bit filed for indicating the bundling size ([5] and [6]), which obviously violates the agreement achieved in RAN1 #98b.
Observation 2: 1 bit or 0 bit bundling size field violates the agreement achieved in RAN1 #98b.
Compared with the other two schemes, 2 bits bundling size indication has the following advantages:
· Provide more scheduling flexibility and reduce the transmission failure. It is obvious that 2 bits field can provide more choices for determining the actual bundling size to fit the variable channel condition. So the bundling size can be well adapted to the channel condition, then the reliability of the transmission can be guaranteed.
· More efficient resource utilization. As shown in Figure 4, when 8 TBs are scheduled, the bundling size is set to 4 when the channel condition is better, then only 2 PUCCH resources are needed. While, for the scheme proposed by [6], 3 PUCCH resources are used with 50% additional waste of resources. 
· Same or shorter HARQ-ACK feedback delay. As shown in Figure 4, the bundling size is set to 3, then the same resources and delay are required as the scheme proposed by [6]. 
Observation 3: 2 bits bundling size field scheme outperforms 1/0 bit scheme from the aspects of resource utilization, delay and scheduling flexibility.
As in DCI design, the tradeoff of scheduling flexibility and DCI overhead should be considered when deciding the total bits used. As discussed in [7], 5 bits increasing in the DCI has a minimal impact on the system performance. Based on the current DCI design, the DCI is increased by only 5 bits. Therefore, it is not necessary to reduce just 1 bit in the DCI by sacrificing the whole system performance, which can result in a lot of transmission failure. 
Observation 4: Reducing 1 bit from the bundling size field has little improvement on the control channel performance, but the scheduling flexibility and transmission reliability will be largely reduced.
Based on the discussion and observation in this section, we propose to not reduce the bundling size field.
Proposal 4: The number of bits in “Multi-TB HARQ-ACK bundling size” field remains 2 bits.
[image: ]
[bookmark: _Ref36039021]Figure 4. Time line for different bundle size
HARQ-ID indication
In RAN1#99, the following agreement was achieved:
	RAN1 #99
Agreement (CE mode B)
For CE mode B MTBG DCI design, for DL grant and full PRB UL grant and for Sub-PRB UL grant, the following bit map to indicate HARQ ID, # of HARQ, NDI, MCS:
	Bits
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	
	 

	1 HARQ
	0
	0
	0
	MCS
	HARQ1
	N1

	
	 

	2 HARQS
	0
	MCS+3 
	HARQ2 Index
	N1
	N2

	
	 

	3 HARQS
	MCS+15 
	HARQ3
	N2
	N3
	N4

	
	 

	4 HARQS
	MCS +52
	N1
	N2
	N3
	N4



where:
· HARQ1 = HARQ ID scheduled
· HARQ2 index = nChoosek(4- H1,2)-H2+H1
· HARQ3 = HARQ ID not scheduled
MCS is 11 legacy values for DL grant and 10 legacy values UL grant for full PRB and 8 legacy valued for UL grant for sub-PRB


Based on the agreement, if 3 TBs are scheduled, HARQ index field in the corresponding DCI indicates the HARQ process ID that is not scheduled. However, a combinatorial index is used to indicate the HARQ-ID in the current specification, which is not correct for 3 TBs scheduled.
Proposal 5: Endorse the text proposal in Annex II to TS 36.213.
Interleaving for unicast
For MTC, “the transmission” as highlighted below in current 36.211 specification would introduce ambiguity as it may be interpreted as the transmission of each TB or the transmission of NTB TBs.

	Extracted from section 5.6A.2 of TS 36.211:


where  is the number of transport blocks defined in clause 8.0 of 3GPP TS 36.213 [4]. If  >1 and interleaving between codewords is applied according to clause 8.0 of 3GPP TS 36.213 [4], then the symbol counter  is reset at the start of the transmission and incremented for each symbol during the transmission. For other cases, the symbol counter  is reset at the start of each PUSCH codeword transmission and incremented for each symbol during the transmission of the PUSCH codeword.



In RAN1#100-e, the similar issue in NB-IoT was clarified and the 36.211 specification for NB-IoT was corrected accordingly. The changes are marked red as shown below. The text proposal of 36.211 specification for MTC can adopt the same correction as NB-IoT. 

	Extracted from section 10.1.5 of TS 36.211:


where   is the number of transport blocks defined in 16.5.1 of TS 36.213 [4]. If  >1 and interleaving between codewords is applied according to clause 16.5.1 of TS 36.213 [4], then the symbol counter  is reset at the start of the first NPUSCH codeword transmission and incremented for each symbol during the transmission of the  NPUSCH codewords. For other cases, the symbol counter  is reset to 0 at the start of each NPUSCH codeword transmission and incremented for each symbol during the transmission of the NPUSCH codeword.



Proposal 6: Endorse the text proposal in Annex III to TS 36.211.

[bookmark: _Ref129681832]Conclusions
In this contribution, we discussed the issues that are not correctly captured in the current specifications and we have the following proposals:
Observation 1: The system performance will be largely reduced if applying the current interleaving granularity due to the misalignment between TB interleaving and RV, and the misalignment between TB interleaving and frequency hopping.
Observation 2: 1 bit or 0 bit bundling size field violates the agreement achieved in RAN1 #98b.
Observation 3: 2 bits bundling size field scheme outperforms 1/0 bit scheme from the aspects of resource utilization, delay and scheduling flexibility.
Observation 4: Reducing 1 bit from the bundling size field has little improvement on the control channel performance, but the scheduling flexibility and transmission reliability will be largely reduced.
Proposal 1: For unicast interleaved transmission, the interleaving granularity is Ych consecutive absolute subframes in CE mode B in FDD and TDD, where Ych is the frequency hopping granularity.
Proposal 2: Endorse the text proposal in Annex I to 36.213.
Proposal 3: When interleaving is enabled for multiple TBs scheduling, the frequency hopping pattern is determined based on the following equation:
[image: ]
Proposal 4: The number of bits in “Multi-TB HARQ-ACK bundling size” field remains 2 bits.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 5: Endorse the text proposal in Annex II to TS 36.213.
Proposal 6: Endorse the text proposal in Annex III to TS 36.211.
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[bookmark: _Toc10818838][bookmark: _Toc20409248][bookmark: _Toc29387789][bookmark: _Toc29388818]-----------------------------------------------------Start of Text Proposal---------------------------------------------
<Unchanged parts are omitted>
7.1.11	PDSCH subframe assignment for BL/CE UE
<Unchanged parts are omitted>


-	if the UE is configured with higher layer parameter multi-TB-DL-Unicast-Interleaving-config, and PDSCH corresponding to a MPDCCH with DCI CRC scrambled by C-RNTI and  where  for BL/CE UE configured with CEModeA, C=4   for BL/CE UE configured with CEModeB, where   is configured by interval-DlHoppingConfigCommonModeB,
<Unchanged parts are omitted>
8.0	UE procedure for transmitting the physical uplink shared channel
<Unchanged parts are omitted>


-	if the UE is configured with higher layer parameter multi-TB-UL-Unicast-Interleaving-config, and PUSCH corresponding to a MPDCCH with DCI CRC scrambled by C-RNTI and  where  for BL/CE UE configured with CEModeA, C=4 for BL/CE UE configured with CEModeB,  where   is configured by interval-UlHoppingConfigCommonModeB, 
-----------------------------------------------------End of Text Proposal---------------------------------------------
Annex II
-----------------------------------------------------Start of Text Proposal---------------------------------------------
7.1.7.2	Transport block size determination
<Unchanged parts are omitted>



For a BL/CE UE, if the UE is configured with higher layer parameter multi-TB-DL-config and multiple TB, , are scheduled in the corresponding DCI with CRC scrambled by C-RNTI, the HARQ process ID for each of the scheduled  TBs are determined from the value r of the HARQ index field in the correspoding DCI,

-	if UE is configured with CEModeB and  =3, r indicates the HARQ process ID that is not scheduled among the 4 downlink HARQ processes;

-	otherwise,  which is a combinatorial index r is defined as , where





-	the set , () contains the  sorted HARQ process IDs and  is the extended binomial coefficient, resulting in unique label ,
<Unchanged parts are omitted>
8.0	UE procedure for transmitting the physical uplink shared channel
<Unchanged parts are omitted>



-	the HARQ process ID for each of the scheduled  TBs are determined from the value r of the HARQ index field in the correspoding DCI, 

-	if UE is configured with CEModeB and  =3, r indicates the HARQ process ID that is not scheduled among the 4 uplink HARQ processes;

-	otherwise, which is a combinatorial index r is defined as , where





-	 the set , () contains the sorted HARQ process IDs and       is the extended binomial coefficient, resulting in unique label ,
<Unchanged parts are omitted>
-----------------------------------------------------End of Text Proposal---------------------------------------------
Annex III
-----------------------------------------------------Start of Text Proposal---------------------------------------------
<Unchanged parts are omitted>
5.6A.2	Modulation scheme π/2-BPSK
<Unchanged parts are omitted>
For  and π/2-BPSK modulation only 2-of-3 adjacent subcarriers are selected as described in 5.5.2.1A.2. The time-continuous signal [image: ] in SC-FDMA symbol [image: ] in an uplink slot is defined by 

	










for [image: ] where [image: ], [image: ], [image: ] is given by Table 5.6-1, and  and  are respectively the modulation value for subcarrier index  and  for symbol [image: ], and the values of  used on  and  are respectively obtained by subtracting  from the resulting set of allocated subcarriers as described in Table 8.1.6-1 of [4], and  represents the lower subcarrier index among the selected subcarriers and  is the subcarrier index adjacent to it. The phase rotation [image: ] is given by







where  is the number of transport blocks defined in clause 8.0 of 3GPP TS 36.213 [4]. If  >1 and interleaving between codewords is applied according to clause 8.0 of 3GPP TS 36.213 [4], then the symbol counter  is reset at the start of the first PUSCH codeword transmission and incremented for each symbol during the transmission of the  PUSCH codewords . For other cases, the symbol counter  is reset at the start of each PUSCH codeword transmission and incremented for each symbol during the transmission of the PUSCH codeword.
<Unchanged parts are omitted>
-----------------------------------------------------End of Text Proposal---------------------------------------------
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