
3GPP TSG-RAN WG1 NB-IoT Ad-Hoc Meeting
R1-161856
Sophia Antipolis, France, 22nd – 24th March 2016
Agenda item:

2.4
Source:
Nokia Networks, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
Title:
Timing Relationships for NB-IoT
Document for:

Discussion and Decision
1 Introduction
The following was agreed in the RAN1 #84 [1] –

Agreements:


· The start of UL A/N transmission is >=12ms later than the end of the corresponding NB-PDSCH transmission 

· The start of DL A/N transmission is >=3ms later than the end of the corresponding NB-PUSCH transmission

Agreements:
· UE is not required to monitor more than:

· 3 NB-PDCCH blind decoding candidates in any subframe when there is no NB-PDCCH repetition, and 

· 4 NB-PDCCH blind decoding candidates in any subframe when there is NB-PDCCH repetition of any of the candidates in the subframe

· The start of NB-PUSCH transmission is >=8ms later than the end of its associated NB-PDCCH transmission
Working Assumptions:

· The start of an NB-PDCCH search space is >=4ms after the end of the last NB-PDCCH search space

· The start of NB-PDSCH transmission is >=4ms later than the end of its associated DL assignment

In this contribution, we discuss DL and UL timing relationships for NB-IoT and make some proposals.
2

Timing Relationships
The agreements in RAN1 #84 noted above relate to the minimum time delay between the end of transmission of one channel and the beginning of transmission of another. Below we can consider different cases.
Timing between NB-PDCCH and NB-PDSCH

According to the above working assumption, an interval of at least 4 ms is allowed between the end of the NB-PDCCH carrying the DL assignment and the beginning of the corresponding NB-PDSCH. This relaxation of timing relative to legacy LTE operation is to support the low-complexity requirement for NB-IoT UEs. This gap provides the NB-IoT UE enough time to decode the NB-PDCCH so that it does not need to buffer data even before completion of the decoding. The delay requirement implies that there is a gap of 4 ms that the eNB can fill with other DL transmissions. As discussed in [2], it is desirable to have flexibility in the NB-PDSCH relative timing and this is allowed by the current agreement. This is further discussed below.
Figure 1 shows an example where NB-PDCCH to different UEs is transmitted in successive subframes. It is assumed that the UE knows when the NB-PDCCH transmission ends and hence timing of NB-PDSCH is defined relative to the end of NB-PDCCH transmission. Although the NB-PDSCH associated with the first DL assignment can be transmitted after a gap of 4 ms, due to this transmission spanning 2 subframes, an additional delay of 1 ms is needed for the second NB-PDSCH relative to the end of its associated DL assignment. Any remaining gap can be further filled with NB-PDCCH to other UEs and the associated NB-PDSCH transmissions may also need to have their timings flexibly adjusted.
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Figure 1. Flexible NB-PDSCH timing when scheduling multiple NB-PDSCH transmissions.
Another example requiring flexible timing is illustrated in Figure 2. Here immediately after the transmission of NB-PDCCH to UE1, the eNB transmits NB-PDCCH to UE2, spanning 8 subframes. In this case, the NB-PDSCH to UE1 is scheduled to begin after the end of the second NB-PDCCH, i.e., after an 8-ms gap. A similar scenario also exists if all NB-PDCCH transmissions are confined to a set of subframes or “control region” and NB-PDSCH transmissions are scheduled in a similarly defined “data region”.
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Figure 2. Flexible NB-PDSCH timing when filling the gap with other long DL transmissions.
As seen in the preceding examples, the timing of the NB-PDSCH relative to the end of the NB-PDCCH may need to be adjusted depending on certain factors, including the length of the transmission that precedes the NB-PDSCH. In such scenarios, the UE cannot have knowledge of the variable timing without indication in the DCI. Particularly for an NB-PDSCH transmission that immediately follows another NB-PDSCH transmission, the timing for the second transmission depends on the length of the first transmission. To schedule successive transmissions such that no subframes are wasted as gaps, it may be necessary to be able indicate a large number of timing values. If discontinuous transmission is used, however, the set of possible contiguous NB-PDSCH transmission periods may be limited to a small size. On the other hand, it is desirable to limit the overhead due to timing indication, e.g., with 2-3 bits. The use of 3 bits for timing indication allows for supporting 8 values.
The values indicated by the 3 DCI bits can refer to the delay in ms beyond the minimum of 4 ms, i.e., the start time of the associated NB-PDSCH after the end of the NB-PDCCH minus 4 ms. The eNB can select a timing value such that the NB-PDSCH does not overlap with any previous transmission, even if a small gap is introduced before the NB-PDSCH transmission. If a gap exceeding 4 ms would result in the process, the eNB can simply schedule the NB-PDCCH and NB-PDSCH transmissions sequentially, without interleaving transmissions to different UEs. Therefore, 3 bits are expected to provide adequate flexibility for the indicated timing, especially if discontinuous transmissions are supported. It is noted that the 8 timing values need not be linearly distributed. Assuming the number of NB-PDCCH and NB-PDSCH repetitions (or TTI length in subframes) will be drawn from the set {1,2,4,8,16,…}, various delay values are possible. For example, consider the scenario depicted in Figure 1, where the NB-PDCCH for UE2 occupies x subframes where x ≤ 4. If the NB-PDSCH to UE1 spans y subframes, then the minimum NB-PDSCH start time relative to the end of NB-PDCCH in excess of 4 ms (excess delay) for UE1 is 0 and the minimum excess delay value for UE2 is equal to max(y – x,0). Table 1 shows the minimum excess delay values for different values of x and y drawn from the set {1,2,4,8,16}.
Table 1. Minimum excess delay values for UE2 (y – x) for different values of x and y.
	y    x
	1
	2
	4

	1
	0
	0
	0

	2
	1
	0
	0

	4
	3
	2
	0

	8
	7
	6
	4

	16
	15
	14
	12


Considering the scenario of Figure 2 where x > 4, the minimum excess delay values for UE1 are obtained from x – 4, i.e., from the set {4, 12,…}. The minimum excess delay values for UE2 are the values of y, i.e., from the set {1,2,4,8,16,…}.
Thus, the set of 8 values {0,1,2,4,6,8,12,16} (indicating the delay of start NB-PDSCH start timing beyond 4 ms) will cover a large number of these cases such that no there is no gap between transmissions. For the other cases, the value from this set selected for indication should be the smallest value that is larger than the minimum excess delay value. This will introduce a gap (unused subframes), but the gap will not be larger than 4 ms for contiguous transmissions of 16 ms or less. For transmissions that are longer than those considered above, the eNB can transmit NB-PDCCH and NB-PDSCH without trying to fill the 4-ms gap. Long transmissions can also be made time-discontinuous such that the contiguous part of the transmission does not exceed 16 ms in order to avoid wastage of resources.
Alternatively, if NB-PDCCH and NB-PDSCH are transmitted using the scheduling window approach discussed in a companion contribution [4], the values indicated by the 3 DCI bits can refer to the start time of the associated NB-PDSCH relative to the start time of the data region configured for the UE. In this case, assuming that the data region is configured to begin at least 4 ms after the latest possible NB-PDCCH end time, then the delay of the start time that must be indicated to the first UE scheduled in the data region is 0. The start time for any other UEs scheduled in the same data region is equal to the cumulative period of all the previous NB-PDSCH transmissions in that region. If the number of subframes occupied by the NB-PDSCH transmission to any UE belong to {1,2,4,8,16,…}, then this set provides the delay values that must be indicated to the second UE. If a third UE is also scheduled in the data region, the set of delay values that may need to be indicated to the third UE is obtained as u + v, where u and v are the lengths of NB-PDSCH transmissions to the first and second UE, respectively. This set of values is shown in Table 2. The delays to be indicated to a fourth UE scheduled in the data region will add a few more new values.
Table 2. Minimum delay values for third UE scheduled in data region (u + v) for different values of u and v.
	u    v
	1
	2
	4
	8

	1
	2
	3
	5
	9

	2
	3
	4
	6
	10

	4
	5
	6
	8
	12

	8
	9
	10
	12
	16


It is again seen that the set of 8 values {0,1,2,4,6,8,12,16} will cover many of the delay values to be indicated to the different UEs that may be scheduled in the data region. Obviously, if it is desired to restrict the number of UEs that can be scheduled to transmit NB-PDSCH in the data region to two, then the set {0,1,2,4,8,16,32,64} can be used. This restriction may not be desirable, however.
Proposal 1: The timing of the NB-PDSCH transmission for a UE is indicated either relative to the end of its associated NB-PDCCH and as the delay in excess of 4 ms or relative to the beginning of the data transmission region that is configured for the UE within the scheduling window.

Proposal 2: The timing of the NB-PDSCH is indicated in the DCI with 3 bits. The set of delay values indicated by the bits is {0,1,2,4,6,8,12,16}.
Timing between NB-PDCCH and NB-PUSCH

Similar to the NB-PDSCH, the timing of the NB-PUSCH is also relaxed according to the agreement noted above. As in the case of DL, NB-PDCCH with UL grants may be first transmitted in successive subframes with the associated NB-PUSCH transmissions following sequentially. Then although the first NB-PUSCH transmission may be scheduled with a delay of 8 ms relative to the end of the associated NB-PDCCH, the second NB-PUSCH transmission may need to be further delayed beyond 8 ms relative to the end its associated NB-PDCCH.
Another example is illustrated in Figure 3. Here a DL assignment and an UL grant to the same UE are successively transmitted while ensuring a 4-ms between the end of the former and the beginning of the latter. The NB-PDSCH transmission follows immediately after the UL grant. The NB-PUSCH can be scheduled to begin after a 1-subframe gap for switching with half-duplex operation. If the length of the NB-PDSCH transmission exceeds 7 ms (i.e., if p+2–n > 8 in the figure), then the timing of the NB-PUSCH transmission must be delayed beyond the minimum 8 ms.
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Figure 3. Flexible NB-PUSCH timing.
In this case, the timing can indicate the delay beyond the minimum 8 ms. It is again expected that 3 bits in the DCI would provide adequate flexibility for timing indication without significantly increasing the overhead. The set of values {0,1,2,4,6,8,12,16} (indicating the timing delay beyond 8 ms) can also be used here.
Proposal 3: The timing of the NB-PUSCH transmission for a UE is indicated relative to the end of its associated NB-PDCCH and as the delay in excess of 8 ms.

Proposal 4: The timing of the NB-PUSCH is indicated in the DCI with 3 bits. The set of delay values indicated by the bits is {0,1,2,4,6,8,12,16}.
Timing between NB-PDSCH and UL ACK/NACK

As noted above, it was also agreed to relax the UL ACK/NACK timing requirement for NB-IoT. Thus, the UL ACK/NACK shall be transmitted after a gap of at least 12 ms following the end of the corresponding NB-PDSCH transmission. Although the NB-IoT UE is half-duplex, the eNB does not have the same constraint. Therefore, the eNB can receive an UL ACK/NACK corresponding to a previous NB-PDSCH transmission even while it is engaged in another DL transmission. From the UE’s perspective, the need for flexibility in UL ACK/NACK timing may arise, i.e., UL ACK/NACK transmission in the first subframe after a delay of 12-ms relative to the end of the NB-PDSCH transmission may not be possible, in one of the following cases:

1. The UE is engaged in DL reception.

2. The UE is engaged in UL transmission.

3. The subframe after a 12 ms gap is invalid for UL transmission.

The first case is not a relevant one for unicast DL reception because the UE cannot be receiving another NB-PDCCH or NB-PDSCH for before it transmits the current UL ACK/NACK. In the rare event (not avoided by the eNB scheduler) of the UE having to receive a DL broadcast transmission (e.g., an SI message) at the same time that it needs to transmit the UL ACK/NACK, the UL ACK/NACK transmission can be dropped. The absence of an UL ACK/NACK is handled through normal HARQ operation. Hence there is no need for flexible UL ACK/NACK timing in this case.
The second case is a more valid one. We can again refer to Figure 3. The subframe for beginning the UL ACK/NACK transmission will coincide with a subframe being used for NB-PUSCH if p+13 ≤ q, i.e., if the NB-PUSCH transmission is at least 12 ms long. Here again the UL ACK/NACK can be prioritized, as discussed in [3], thereby keeping the ACK/NACK timing fixed.
In the last case, the subframe corresponding to a fixed gap of 1 ms may be configured to be unavailable or invalid for UL transmission. In such an event, the UE can postpone the UL ACK/NACK transmission to the next valid UL subframe, which would also be known to the eNB. Therefore, although the timing of UL ACK/NACK transmission relative to the end of NB-PDSCH exceeds 12 ms, it is known to both the eNB and UE and need not be dynamically indicated.
Based on the above discussion, our view is that the UL ACK/NACK timing can be fixed relative to the NB-PDSCH, provided the subframe is available for UL transmission, and there is no strong need for flexibility in timing.
Proposal 5: The UL ACK/NACK transmission starts in the first valid UL subframe after a gap of 12 ms following the end of the corresponding NB-PDSCH transmission.

3
Conclusion
In this contribution, we discuss DL and UL timing relationships for NB-IoT and make the following proposals.
Proposal 1: The timing of the NB-PDSCH transmission for a UE is indicated either relative to the end of its associated NB-PDCCH and as the delay in excess of 4 ms or relative to the beginning of the data transmission region that is configured for the UE within the scheduling window.

Proposal 2: The timing of the NB-PDSCH is indicated in the DCI with 3 bits. The set of delay values indicated by the bits is {0,1,2,4,6,8,12,16}.
Proposal 3: The timing of the NB-PUSCH transmission for a UE is indicated relative to the end of its associated NB-PDCCH and as the delay in excess of 8 ms.

Proposal 4: The timing of the NB-PUSCH is indicated in the DCI with 3 bits. The set of delay values indicated by the bits is {0,1,2,4,6,8,12,16}.

Proposal 5: The UL ACK/NACK transmission starts in the first valid UL subframe after a gap of 12 ms following the end of the corresponding NB-PDSCH transmission.
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