
3GPP TSG-RAN WG1 Meeting #84bis
R1-162903
Busan, Korea, 11th – 15th April 2016
Agenda item:

7.2.1.1.2
Source:
Nokia, Alcatel-Lucent Shanghai Bell
Title:
Remaining issues on NB-PDSCH
Document for:

Discussion and Decision
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Introduction
In this contribution, we consider remaining issues of NB-PDSCH design for NB-IoT.
2

NB-PDSCH
For NB-IoT, some subframes will not be valid for NB-PDCCH and NB-PDSCH transmission. For example, subframes carrying NB-PBCH, NB-PSS/NB-SSS are not available. Furthermore, the eNB can reserve some subframes for MBSFN transmission, time-domain interference coordination, or for wideband LTE transmission. As a result, the network will provide a set of valid subframes for NB-PDCCH and NB-PDSCH transmissions (given as downlinkBitmapNB in the RRC parameter list). For instance, in anchor carrier, subframes used for NB-PBCH, NB-PSS/NB-SSS will not be available. They may be, however, available in non-anchor PRBs. Like in eMTC, if the field is not present, then non-MBSFN subframes are considered as valid subframes. If no MBSFN configuration is indicated then all downlink subframes are considered as valid subframes. Similar to eMTC, a bitmap can be used to indicate valid DL subframes. Two options are possible in eMTC – 10-bit or 40-bit bitmap. The same approach can be used here.
Proposal 1: Valid subframes for downlink transmission parameter (downlinkBitmapNB) is either 10 bits or 40 bits. If the parameter is not present, then subframes that have not been configured or used for MBSFN, NB-PBCH, NB-PSS, and NB-SSS, are considered as valid subframes.
Note that subframes used for NB-SIB1 and SI transmissions are also invalid subframe. However, it may not be possible to denote such subframes using the bitmap as NB-SIB1 and SI are configured by the eNB. These subframes are handled via collision handling as described in [1]. In this case, UE will drop NB-PDCCH/NB-PDSCH transmissions in the subframes that collide with NB-SIB1 or SI transmissions. The unavailable subframes are counted in the repetitions.
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Figure 1. NB-PDSCH performance (in-band), TBS=680 bits, NRU = 10 subframes.
Link-level performance for NB-PDSCH is shown in Figure 1. For TBS=680 bits and using 10 subframes, approximately 128 repetitions would be required for 164dB MCL. With implementation margin of 3dB, 256 repetitions would be sufficient. However, this assumes 6dB PSD boosting which may not be possible on all PRBs in case of multi-PRB operation. Without the 6dB PSD boosting, then 1024 to 2048 repetitions would be required considering also further degradation from channel estimation at low SNRs. In eMTC, the predefined set of PDSCH/PUSCH repetition numbers are: {1, 2, 4, 8, 16, 32, 64, 128, 192, 256, 384, 512, 768, 1024, 1536, 2048}. Therefore, it is proposed to use the same set of numbers of repetition as eMTC.
Proposal 2: The predefined set of NB-PDSCH numbers of repetitions is {1, 2, 4, 8, 16, 32, 64, 128, 192, 256, 384, 512, 768, 1024, 1536, 2048}.
In RAN1#84, it was agreed that in in-band FDD operation, NB-PBCH and NB-PSS/NB-SSS is not located in a RB that contains LTE PBCH/PSS/SSS. This prevents the anchor carrier of NB-IoT to be deployed in the center 6 or 7 PRBs of the system. However, an UE in RRC_CONNECTED can be configured, via UE-specific RRC signaling, to a PRB, for all unicast transmissions (not intended to excluding SC-PTM, if supported), different than the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions. Thus, non-anchor NB-IoT PRB can still overlap with LTE PRBs containing LTE PBCH/PSS/SSS. In this case, the eNB would have to transmit NB-RS which will introduce interference into PSS/SSS and PBCH transmission of LTE and eMTC carriers. Therefore, it is further proposed that NB-IoT cannot be deployed in PRBs containing LTE PBCH/PSS/SSS.
Proposal 3: In in-band FDD operation, NB-IoT cannot be deployed in PRBs containing LTE PBCH/PSS/SSS.
It has been agreed that 3 bits will be used for the scheduling delay and the delay will be from the end of the NB-PDCCH transmission. 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 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 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.

Proposal 4: The set of delay values indicated by the DCI bits is {0,1,2,4,6,8,12,16}. 
It is also discussed in [2] 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 this timing. 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. 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, 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 consider NB-PDSCH design for NB-IoTand make the following proposals –

Proposal 1: Valid subframes for downlink transmission parameter (downlinkBitmapNB) is either 10 bits or 40 bits. If the parameter is not present, then subframes that have not been configured or used for MBSFN, NB-PBCH, NB-PSS, and NB-SSS, are considered as valid subframes.
Proposal 2: The predefined set of NB-PDSCH numbers of repetitions is {1, 2, 4, 8, 16, 32, 64, 128, 192, 256, 384, 512, 768, 1024, 1536, 2048}.

Proposal 3: In in-band FDD operation, NB-IoT cannot be deployed in PRBs containing LTE PBCH/PSS/SSS.
Proposal 4: The set of delay values indicated by the DCI 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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