3GPP TSG RAN WG1 Meeting #98                                                                      	     R1-1908729
Prague, CZ, 26th – 30th August, 2019

Agenda Item:	6.2.2.3
Source:	Lenovo, Motorola Mobility
Title:	Design of scheduling of multiple DL/UL transport blocks for NBIoT
Document for:	Discussion and decision
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The contribution is the update from R1-1906281.
In the RAN#80 plenary meeting, a new work item for Rel.16 NBIoT is approved. One of the objectives is to specify the scheduling improvement of DL and UL for machine-type communications for NBIoT UEs.
· Scheduling enhancement
· Specify scheduling multiple DL/UL transport blocks with or without DCI for SC-PTM and unicast[RAN1, RAN2]
· Enhancement of SPS can be discussed.
In the last RAN1 meeting, the following agreements and working assumptions are achieved for the design of scheduling multiple DL/UL transport blocks:

Agreement
Confirm the working assumption last meeting:
3 bits are used to indicate scheduled TB number, HARQ process index, NDI for HARQ operation
· FFS: Details coding scheme of these 3 bits 

Agreement
The coding scheme of the three bits (scheduled TB number, HARQ process index, NDI for HARQ operation) is as follows:
	 Codepoint
	Description

	000
	Single TB scheduling, HARQ ID=0, NDI=0

	001
	Single TB scheduling, HARQ ID=0, NDI=1

	010
	Single TB scheduling, HARQ ID=1, NDI=0

	011
	Single TB scheduling, HARQ ID=1, NDI=1

	100
	Multi-TB scheduling, NDI=00

	101
	Multi-TB scheduling, NDI=01

	110
	Multi-TB scheduling, NDI=10

	111
	Multi-TB scheduling, NDI=11


Table 1: Joint coding scheme of scheduled TB number, HARQ process index, NDI for HARQ operation
· Only one additional bit is added in the DCI format to support the above indication of 8 states
Note: How to capture the above agreement is up to the editor

Agreement


In case of non-interleaved transmission, for individual feedback of 2 TBs case, continuous uplink feedback starts, after the end of  DL subframe for FDD, where n is the ending subframe of last scheduled TB and  is down-selected from the following two choices:
· The same value as the one for legacy one TB case (i.e. reuse the existing specification without change)
· [bookmark: OLE_LINK5]New values are introduced which depends on the length of last TB and ACK/NACK resources
· Existing values can also be used

Agreement
HARQ-ACK resource field is common across the HARQ-ACK feedback for all the DL TBs scheduled.
· ACK/NACK subcarriers are the same across all the TBs

In this contribution, detailed considerations of scheduling improvement for uplink and downlink, especially scheduling multiple DL/UL transport blocks with DCI for unicast for are presented.

Discussion
Cyclic repetition
Cyclic repetition is adopted in legacy UE for enabling symbol-level I/Q combining and frequency/timing offset tracking. So for scheduling multiple TBs with RV cyclic repetition, RV is changed every Z (=4) absolute subframes at least for PDSCH and NPUSCH multi-tone transmission when mod (SF, Z) =0, and multiple TBs are transmitted in predefined order (e.g., TB0, TB1) for non-interleaving transmission as shown in Figure 1. 
[image: ]
Figure 1 Cyclic repetition transmission illustration
Proposal 1: Cyclic repetition is supported and RV is changed every Z absolute subframes at least for PDSCH and NPUSCH multi-tone transmission when mod (SF, Z) =0, and multiple TBs are transmitted in predefined order for non-interleaving transmission.

Interleaving transmission
When repetitions are used in NPUSCH/NPDSCH, interleaving transmission among TBs can introduce time diversity as shown in Figure 2. If interleaving transmission among TBs from different HARQ process is adopted, some of the interleaving issues should be further studied, e.g. interleaving pattern, interleaving period, TB transmission sequence of multiple TBs, etc. 
TBs from different HARQ process are interleaved transmission with cyclic repetition. With RV cyclic repetition, interleaving is performed every Z (=4) absolute subframe when mod (SF, Z) = 0. The RV is changed every Ntb * Z absolute subframes when mod (SF, Ntb* Z) =0, and each TB spans Z(=4) absolute subframe within each Ntb * Z absolute subframe circle as shown in Figure 2. Scrambling sequence is initialized every Ntb* Z absolute subframes.
[image: ]
Figure 2 Interleaving transmission illustration
Proposal 2: Interleaving is performed every Z absolute subframe. RV is changed every Ntb* Z absolute subframes when mod (SF, Ntb* Z) =0, and each TB spans Z absolute subframe within each Ntb* Z absolute subframe circle.
In order to make the TBs transmission fully interleaved, TB transmission order within Ntb* Z absolute subframe circle should be carefully designed. For example, the following case is assumed not a good TB transmission order design. If TB1 and TB2 follow the predefined order {TB1, TB2} and are transmitted every Z (= 4) absolute subframes in turn with same RV, TB 1 is transmitted 8 repetitions while TB 2 is only transmitted 2 repetitions in the first 20 subframes. Finally, TB1 has completed the transmission while TB2 has not. That is because valid/invalid subframe bitmap length and cyclic repetition length Z (=4) are always aligned. 
[image: ]
Figure 3 Interleaving transmission illustration
Proposal 3: TB transmission order within each Ntb* Z absolute subframe circle should be carefully designed.

HARQ ACK/NACK feedback
For the single transport block, the ACK/NACK resource is indicated by DCI grant scheduling NPUSCH. For multiple transport blocks, ACK/NACK resource for multiple TB can be indicated by legacy method as well. For example, the ACK/NACK resource for the first TB is indicated by DCI grant as legacy indication and ACK/NACK resources for the other TBs are derived from the already determined ACK/NACK resource for the first TB even with repetition, e.g., the contiguous available subframes. 
Furthermore, the ACK/NACK timing for a particular TB is derived from timing of the end of the particular TB transmission plus a timing offset. The timing offset set can reuse the legacy one. If interleaving ACK/NACK transmission for different TBs is supported, the ACK/NACK timing should further study.
Proposal 4: The contiguous ACK/NACK timing for scheduled TB starts from the end of all TB transmission plus a timing offset , the timing offset use the same value as the one for legacy one TB case (i.e. reuse the existing specification without change).
	
Conclusions
In this contribution, considerations of multiple transport block transmission with DCI are provided. The following proposals are given.
Proposal 1: Cyclic repetition is supported and RV is changed every Z absolute subframes at least for PDSCH and NPUSCH multi-tone transmission when mod (SF, Z) =0, and multiple TBs are transmitted in predefined order for non-interleaving transmission.
Proposal 2: Interleaving is performed every Z absolute subframe. RV is changed every Ntb* Z absolute subframes when mod (SF, Ntb* Z) =0, and each TB spans Z absolute subframe within each Ntb* Z absolute subframe circle.
Proposal 3: TB transmission order within each Ntb* Z absolute subframe circle should be carefully designed.
Proposal 4: The contiguous ACK/NACK timing for scheduled TB starts from the end of all TB transmission plus a timing offset , the timing offset use the same value as the one for legacy one TB case (i.e. reuse the existing specification without change).

References		
RP-181421, “New WID on Rel-16 NBIoT enhancements for LTE”, Huawei, RAN #80
R1-1905967, “Scheduling of multiple DL/UL transport blocks in NB-IoT	Ericsson, RAN1 #97
R1-1905973, “Scheduling multiple DL/UL transport blocks for SC-PTM and unicast”, Huawei, HiSilicon, RAN1 #97
R1-1906459, “NB-IOT Multiple Transport Block Grant Design”, Sierra Wireless, S.A. , RAN1 #97
R1-1906507, “Consideration on scheduling enhancement for NB-IoT”, ZTE, RAN1 #97
R1-1906712, “Scheduling of multiple DL/UL transport blocks”, Nokia, Nokia Shanghai Bell, RAN1 #97

image2.wmf
0

k

¢


oleObject2.bin

image3.emf
Z

SF# 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

PUSCH-RV 0 0 0 0 2 2 2 2 0 0 0 0 2 2 2 2

TB1 TB2


image4.emf
Z

SF# 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

PUSCH-RV 0 0 0 0 0 0 0 0 2 2 2 2 2 2 2 2

TB1 TB2


image5.emf
N

tb

* Z

ValidSF-BitMap V V V V V I I I V V V V V I I I

SF# 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

NPDCCH

PUSCH-RV 0 0 0 0 0 2 2 2 2 2

TB1 TB2


image1.wmf
0

1

nk

¢

+-


oleObject1.bin

