
3GPP TSG-RAN WG1 NB-IoT Ad-Hoc Meeting
R1-161842
Sophia Antipolis, France, 22nd – 24th March 2016
Agenda item:

2.2.3
Source:
Nokia Networks, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
Title:
NB-PDSCH design for NB-IoT
Document for:

Discussion and Decision
1
Introduction
In the RAN1#84, it was agreed that –

· 16QAM is not supported for NB-PDSCH

· The maximum TBS for NB-PDSCH is 680 bits

· Redundancy versions (RVs) for NB-PDSCH are not supported

· Note that the number(s) of subframes that a TB can be mapped onto for NB-PDSCH is FFS

· Sub-PRB allocations of the NB-PDSCH are not supported
· In in-band FDD operation, NB-PBCH and NB-PSS/NB-SSS is not located in a RB that contains LTE PBCH/PSS/SSS
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 should provide a set of valid subframes for NB-PDCCH and NB-PDSCH transmissions. 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.
Proposal 1: The network may indicate a set of valid DL subframes for NB-PDCCH and NB-PDSCH transmissions for each carrier or PRB. If the field 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.
If scheduling can be done only per resource unit, only small TBS can be selected. Using the current TBS table, for QPSK modulation, the maximum TBS value is 136 bits. This is quite small considering some typical downlink data packets (e.g. TCP/IP ACK). As a result, NB-PDCCH and segmentation overhead can be quite large. Therefore, it is proposed that multiple resource units can be used for NB-PDSCH. This means that the transport block can be coded and rate-matched according to the number of scheduled resource units. To allow efficient time-domain multiplexing of different resource units, it is proposed that NB-PDSCH can be scheduled in {1, 2, 4, 8} resource units where a resource unit is 1 subframe (i.e. 1ms by 12 subcarriers since sub-PRB allocations of the NB-PDSCH are not supported). The transport block will be coded and rate-matched based on the number of REs available within the assigned transmission time interval. The number of resource units is indicated by the DCI for unicast transmission.
Proposal 2: NB-PDSCH can be scheduled in {1, 2, 4, 8} resource units. 
If the existing MCS table from 36.213 is reused, then Table 1 provides potential TBS values for different TTIs (where the TBS’s have been selected based on the equivalent number of PRBs used). Table 1 requires 4 bits to be signalled. It is possible to use only a subset of Table 1 to reduce the number of required bits. A 3-bit table is shown in Table 2. From a specification perspective, it would be easier to reuse the existing table and also to reuse the same principle of having similar coding rate for each MCS as the number of resource unit changes. This makes it easy for eNB scheduling as the effective coding rate remains unchanged. The effective coding rate is shown in Table 1 and up to coding rate of 0.91 can be supported. Note that this is require 6 bits for resource allocation of the NB-PDSCH (2 bits for resource unit allocation and 3-4 bits for MCS/TBS). It may be possible to reduce the size of the resource allocation field by 1 or 2 bits by eliminating some entries and redefining the table. However, this may not be worth the loss in flexibility.
Proposal 3: MCS/TBS table for NB-PDSCH is given in Table 1 (4 bits) or Table 2 (3 bits).
Table 1. Transport block size table for NB-PDSCH (4 bits).
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	Resource Unit
	Effect Coding Rate

	
	1
	2
	4
	8
	1
	2
	4
	8

	0
	16
	32
	88
	208
	0.16
	0.11
	0.11
	0.11

	1
	24
	56
	144
	256
	0.19
	0.16
	0.16
	0.14

	2
	32
	72
	176
	328
	0.22
	0.19
	0.20
	0.17

	3
	40
	104
	208
	440
	0.25
	0.25
	0.23
	0.23

	4
	56
	120
	256
	552
	0.31
	0.28
	0.27
	0.28

	5
	72
	144
	328
	680
	0.38
	0.33
	0.34
	0.34

	6
	88
	176
	392
	-
	0.44
	0.39
	0.41
	-

	7
	104
	224
	472
	-
	0.50
	0.48
	0.48
	-

	8
	120
	256
	536
	-
	0.56
	0.55
	0.55
	-

	9
	136
	296
	616
	-
	0.63
	0.63
	0.63
	-

	10
	144
	328
	680
	-
	0.66
	0.69
	0.69
	-

	11
	176
	376
	-
	-
	0.78
	0.78
	-
	-

	12
	208
	440
	-
	-
	0.91
	0.91
	-
	-


Table 2. Transport block size table for NB-PDSCH (3 bits).
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	Resource Unit
	Effect Coding Rate

	
	1
	2
	4
	8
	1
	2
	4
	8

	0
	16
	32
	88
	208
	0.16
	0.11
	0.11
	0.11

	1
	32
	72
	176
	328
	0.22
	0.19
	0.20
	0.17

	2
	56
	120
	256
	552
	0.31
	0.28
	0.27
	0.28

	3
	72
	144
	328
	680
	0.38
	0.33
	0.34
	0.34

	4
	104
	224
	472
	-
	0.50
	0.48
	0.48
	-

	5
	120
	256
	536
	-
	0.56
	0.55
	0.55
	-

	6
	144
	328
	680
	-
	0.66
	0.69
	0.69
	-

	7
	176
	376
	-
	-
	0.78
	0.78
	-
	-


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}. For TBS=680 bits, it was shown in [2] that at least 512 repetitions would be required for 164dB MCL. This is with discontinuous transmission (1 transmission every 20ms) and without UE implementation margin. Based on this results, it can be seen that up to 2048 repetitions may be needed for NB-PDSCH. Therefore, it is proposed to use the same set of repetition numbers as eMTC.
Proposal 4: The predefined set of NB-PDSCH repetition numbers 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 5: In in-band FDD operation, NB-IoT cannot be deployed in PRBs containing LTE PBCH/PSS/SSS.
As discussed in [3], it is desirable to indicate the start timing of NB-PDSCH relative to the end of the associated NB-PDCCH transmission through the use of some bits in the DCI. The minimum delay is 4 ms based on the agreement in RAN1 #84 and the DCI bits can indicate the additional. It is expected that 3 bits in the DCI, which would allow 8 timing values, would provide adequate flexibility.

Proposal 6: 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 7: 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}. 
It is also discussed in [3] 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. It was agreed in RAN1 #84 that UL ACK/NACK timing is relaxed so that a minimum gap of 12 ms is provided.
Proposal 8: 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: The network may indicate a set of valid DL subframes for NB-PDCCH and NB-PDSCH transmissions for each carrier or PRB. If the field 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: NB-PDSCH can be scheduled in {1, 2, 4, 8} resource units. 
Proposal 3: MCS/TBS table for NB-PDSCH is given in Table 1 (4 bits) or Table 2 (3 bits).

Proposal 4: The predefined set of NB-PDSCH repetition numbers is {1, 2, 4, 8, 16, 32, 64, 128, 192, 256, 384, 512, 768, 1024, 1536, 2048}.

Proposal 5: In in-band FDD operation, NB-IoT cannot be deployed in PRBs containing LTE PBCH/PSS/SSS.
Proposal 6: 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 7: 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 8: 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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