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1 [bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: _GoBack]Introduction
In RAN#73, new objectives for Rel-14 NB-IoT on further power consumption and latency reduction were approved [1]:
Power consumption and latency reduction
· Support in DL and UL for 2 HARQ processes and larger maximum TBS [RAN1, RAN2, RAN4].
In RAN1#87, the following agreements were reached:
Agreements
· There is a new NB-IoT UE category with max UL and max DL TBS of 2536 bits
· Introduce the {1 HARQ + 2536 bits UL/DL TBS} TBS tables in R1-1613508
· Introduce the {2 HARQ + [1352] bits DL TBS, [1800] bits UL TBS and no change to any Rel-13 specification for NPUSCH} 
· After receiving one DL grant, Rel-14 UE is required to continue monitoring any NPDCCH search spaces containing candidates ending at least 2 ms (i.e., x1 ≥ 2 ms) before the start of the first NPDSCH. 
· The gap between NPUSCH to any DL reception is ≥ 1ms. 
· Reuse Rel-13 timing relationship and scheduling delay values for each of the 2 HARQ processes
· HARQ process ID is indicated DL grant DCI with one bit
· Monitored only in USS
· FFS TBS table details.
· Soft buffer size is FFS until next RAN1#88
· The support of 2 HARQ by UE is an optional capability, signalling is left to RAN2

In this contribution, the remaining details of 2 HARQ process operation for NB-IoT are provided.
2 Timing relationships
1. 
2. 
2.1. Downlink Timing relationship
As illustrated in Figure 1, the two HARQ processes’ timelines may occur in parallel. The postfix ‘#0’ or ‘#1’ on each block in the figure indicates that the transmission belongs to HARQ process 0 or 1. The timelines marked with black and green in Figure 1 are already agreed. Each HARQ process satisfies the Rel-13 uplink timing relationship constraints.
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[bookmark: _Ref471392620][bookmark: _Ref471392617]Figure 1 Downlink timing relationship of 2HARQ processes
We assume that the new category of NB-IoT UE will support Type B HD-FDD operation as for Cat. NB1, i.e. there will be a 1 ms retuning time from DL to UL and vice-versa, which also amounts to the minimum gap between the last NPDSCH and the first NPUSCH format 2.
Proposal 1: The HD-FDD guard period for the new NB-IoT category is Type B.
2.2. Uplink Timing relationship
Figure 2 illustrates the UL timing relationships for 2 HARQ processes.
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[bookmark: _Ref471460743]Figure 2 Uplink timing relationship of 2HARQ processes
The timelines marked with black and blue in Figure 2 are already agreed. Each HARQ process satisfies the Rel-13 downlink timing relationship constraints. With two HARQ processes, the UE has to keep monitoring NPDCCH after it receives the first NPUSCH format 1 transmission in case there is a second grant, but still needs some time to decode the first NPDCCH and perform DL/UL switching before the first NPUSCH transmission. There is not a Rel-13 timing relationship to re-use for this inter-process dependency. Similar to downlink, the time for NPDCCH blind decoding is at least 2 ms. An additional 4 ms should be reserved for other operations (e.g., preparation of the scheduled NPUSCH format 1 transmission, and DL/UL switching) before the earliest start of the first NPUSCH format 1 transmission. 
Proposal 2: After receiving one UL grant, Rel-14 UE is required to continue monitoring any NPDCCH search spaces containing candidates ending at least 6ms before the start of the first NPUSCH format 1.
3 [bookmark: OLE_LINK2]TBS tables 
In order to increase the peak data rate, it is evident that expansion based on the Rel-13 TBS tables is necessary. In Rel-14 two extended TBS tables for DL and UL have been considered: 
· Extended TBS table A: Agreed in RAN1#86bis email discussion and presented in [2]. The maximum TBS is 1352 bits for DL and 1800 bits for UL.
· Extended TBS table B: Agreed in RAN1#87 for 1 HARQ process and presented in [3]. The maximum TBS is 2536 bits for both DL and UL.
For comparison, the peak data rates of extended TBS table A and extended TBS table B are listed in Table 1, assuming the timing relationships described in Section 2. Figure 3 is an example of 2-HARQ DL transmission. The number ‘0’ or ‘1’ on each block in the figure indicates that the transmission belongs to HARQ process 0 or 1. Applying the maximum TBS of 2536 bits to the two NPDSCH transmissions, the 2 HARQ processes can finish within 40 ms. This results in a peak data rate which is (2536+2536)bits/40ms = 126.8kbps.
[image: ]
[bookmark: _Ref471813045][bookmark: _Ref471312273]Figure 3 An example of 2-process HARQ of NPDSCH transmission.
Table 1 Peak data rates of extended TBS table A and extended TBS table B
	
	Downlink peak data rate(kbps)
	Uplink peak data rate(kbps)

	
	1 HARQ
	2 HARQ
	1 HARQ
	2 HARQ

	Extended TBS table A
	-
	84.5[NOTE 1]
	-
	122.0[NOTE 3]

	Extended TBS table B
	79.25
	126.8[NOTE 2]
	105.67
	142.5[NOTE 4]

	NOTE 1: TB1 = 1352 bits, TB2 = 1352bits for 2 HARQ processes. Assume the period of NPDCCH search space is 16ms.
NOTE 2: TB1 = 2536 bits, TB2 = 2536 bits for 2 HARQ processes. Assume the period of NPDCCH search space is 8ms.
NOTE 3: TB1 = 1800 bits,TB2 = 1128 bits for 2 HARQ processes. Assume the period of NPDCCH search space is 8ms.
NOTE 4: TB1 = 2024 bits,TB2 = 2536 bits for 2 HARQ processes. Assume the period of NPDCCH search space is 8ms.



As shown in Table 1, extended TBS table B has larger peak data rate than extended TBS table A, and the soft buffer sizes of both are the same. There is no additional cost is paid for extended table B compared to A.

Proposal 3: Support maximum 2536 bits DL/UL TBS with the TBS tables in R1-1613508 for 2 HARQ processes.
4 Collision handling
[bookmark: OLE_LINK3]Assuming the above timing relationships, UE has enough time to accomplish NPDCCH blind decoding, NPDSCH reception, and NPUSCH transmission. But due to limited scheduling delay values and long duration of transmissions in extended coverage, there are some cases of possible collision between two NPDSCHs, two NPUSCH format 1s, and two NPUSCH format 2s. In order to solve the problem, there are three alternatives to be considered.
· Alt 1: Puncture one colliding transmission. If collision happens between two NPDSCHs, two NPUSCH format 1s or two NPUSCH format 2s, overlapped part can be punctured. An example is shown in Figure 4 for NPDSCH, where the overlapped part of the 2nd NPDSCH is punctured.
[image: ]
[bookmark: _Ref471467887]Figure 4 An example of puncturing to solve collision between two NPDSCHs
· Alt 2: Postpone one colliding transmission. In this case, the second NPDSCH, NPUSCH format 1 or NPUSCH format 2 should be postponed. An example is shown in Figure 5, for NPDSCH. The start of the 2nd NPDSCH is postponed to the end of the 1st NPDSCH.
[image: ]
[bookmark: _Ref471475747]Figure 5 An example of postpone to solve collision between two NPDSCHs
· Alt 3: Leave to implementation. The network guarantees that the collision will never happen, and there is no specified UE behavior in case of any collision.

In Alt 1, any overlapped slot or subframe of the second colliding transmission would be punctured. The repetition mechanism for NB-IoT is subframe-level cyclic repetition, and a single transmission of a TB occupies up to 10 subframes/RUs. If any slot or subframe is punctured, the decoding of its cycle will be impacted. In general, with this alternative, the performance of the 2nd HARQ process cannot be guaranteed. 
For Alt 2, postponement will not impact performance, although it would increase the latency of the TB associated with the later transmission. It is not restricted by limited scheduling delay value. But it will add extra UE behavior, and for the cell-level scheduling, the eNB has to make rather complex considerations of the interaction between one UE’s postponement and another’s available resource.
For Alt 3, the network guarantees that the collision will never happen. Compared with other alternatives, it has no impact to standard and no impact to UE behavior.
Furthermore, in NPUSCH format 1 supports {1,3,6,12}-tone grants. If NB-IoT UE has the 2-HARQ capability, there is a chance for network to schedule the same or different numbers of tones for each HARQ process. However, two overlapped single-tone transmissions will not be supported by a UE which has single-tone only. Also consider power control: if the number of repetitions is greater than 2, UE has to transmit with maximum power in each HARQ process. These cases need to be avoided, so the network should also guarantee that the time resources of the two HARQ processes never overlap.
[image: ]
[bookmark: _Ref473884552]Figure 6 An example of time resource overlap between two NPUSCHs
Proposal 4: The network is assumed to avoid collisions and time resource overlap between two NPDSCHs, two NPUSCH format 1s, or two NPUSCH format 2s for 2 HARQ processes, with no specified UE behavior.
5 Other issues
In Rel-13, only 1 HARQ is used and there is only one UE category, i.e. Category NB1. Corresponding supported maximum TBS for uplink and downlink are 680 bits and 1000 bits respectively. In Rel-14, one new UE category for supporting larger TBS is introduced, and the 2 HARQ optional capability is agreed to be linked to the larger TBS. Support for 2 HARQ processes is therefore conditional on support for the new category, and this helps to limit the number of different UEs that might otherwise exist. The soft buffer size is shown in Annex B in a text proposal for the NB-IoT UE category table in TS 36.306.
Proposal 5: Agree the text proposal in Annex A to TS 36.306.
Since 2 HARQ is introduced, DCI contents, timing constraints and UE behaviour signaling are different from that of 1 HARQ. The UE needs to be configured into 2 HARQ mode, and otherwise assume 1 HARQ operation so that it functions correctly in a cell which does not support 2 HARQ, or which chooses not to configure it. It is simplest if the UE receives a single configuration for 2 HARQ operation applying to both UL and DL, and the eNB is free to use one or two processes dynamically in DCI after that.
Proposal 6: 2 HARQ operation is configured by higher layers for uplink and downlink together. Which process(es) is/are used is indicated dynamically in DCI.
6 Conclusion
In this contribution, the remaining details of 2 HARQ processes operation for NB-IoT are provided covering timing relationships, inter-process colliding transmissions, and TBS tables. The following proposals are made:
Proposal 1: The HD-FDD guard period for the new NB-IoT category is Type B.
Proposal 2: After receiving one UL grant, Rel-14 UE is required to continue monitoring any NPDCCH search spaces containing candidates ending at least 6ms before the start of the first NPUSCH format 1.
Proposal 3: Support maximum 2536 bits DL/UL TBS with the TBS tables in R1-1613508 for 2 HARQ processes.
Proposal 4: The network is assumed to avoid collisions or timing resource overlap between two NPDSCHs, two NPUSCH format 1s, or two NPUSCH format 2s for 2 HARQ processes, with no specified UE behavior.
Proposal 5: Agree the text proposal in Annex A to TS 36.306.
Proposal 6: 2 HARQ operation is configured by higher layers for uplink and downlink together. Which process(es) is/are used is indicated dynamically in DCI.
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Annex A: Text Proposal to TS 36.306
4.1C	ue-Category-NB
The field ue-Category-NB defines a combined uplink and downlink capability in NB-IoT. The parameters set by the UE Category are defined in subclause 4.2. Tables 4.1C-1 and 4.1C-2 define the downlink and, respectively, uplink physical layer parameter values for each UE Category.
Table 4.1C-1: Downlink physical layer parameter values set by the field ue-Category-NB
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits

	Category NB1
	680
	680
	2112

	Category NB2
	2536
	2536
	15360 if eNB configures twoHARQ; or 7680 otherwise



Table 4.1C-2: Uplink physical layer parameter values set by the field ue-Category-NB
	UE Category
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI

	Category NB1
	1000
	1000

	Category NB2
	2536
	2536
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