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Introduction
In RAN1#83, it was agreed that –

· NB-IoT supports a physical downlink shared channel, NB-PDSCH
· Working assumption: TBCC as in LTE is used for NB-IoT all downlink channels
· Working Assumption:

· NB-IoT supports operation with more than one DL tx antenna port
· For operation with 2 DL tx antenna ports, NB-IoT uses SFBC
In this contribution, we consider NB-PDSCH design for NB-IoT.
2

NB-PDSCH
The working assumption is to use SFBC for operation with 2 downlink antenna ports. SFBC provides good diversity gain and does not require any feedback. Performance is superior to other open-loop transmit diversity schemes such as CDD or precoder cycling. Closed-loop scheme is not preferred due to additional complexity and the need for CSI feedback. In addition, closed-loop scheme will also require a fallback to open-loop scheme which will introduce additional complexity. Thus, it is proposed that SFBC is the only transmission scheme supported in NB-IoT. As a result, only cell specific reference signals are required in the downlink [1]. Also, the maximum number of antenna ports should be defined. To avoid additional overhead and reduce UE complexity, it is proposed that up to 2 antennas ports are supported for NB-IoT. In case more than 2 transmit antennas are available at the eNB, transparent techniques (e.g. antenna virtualization) can be used to map multiple transmit antennas into a limited number of antenna porta, achieving further diversity gain. Therefore, at most 2 antenna ports should be defined for NB-IoT. The reference signals to be used for these 2 antenna ports are described in [1].  

Proposal 1: SFBC is the only transmission scheme supported in NB-IoT for operation with 2 DL Tx antenna ports.
Downlink transmission will use 15 kHz subcarrier spacing for all the operation modes. Thus, only 1 PRB will be available in 1ms. In this case, 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 longer TTI can be used for NB-PDSCH. This means that the TB can be coded and rate-matched according to the TTI length. To allow efficient time-domain multiplexing of different TTI length, it is proposed that NB-PDSCH supports TTI of length {1, 2, 4, 8} ms. The TB will be coded and rate-matched based on the number of REs available within the assigned TTI. The TTI is indicated by the DCI for unicast transmission.
Proposal 2: Support multiple NB-PDSCH TTI values of {1, 2, 4, 8} ms. 
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). Note that the table contains entries for both QPSK and 16-QAM. Supporting 16-QAM would allow higher throughput by the UE. The increase in UE complexity is small. However, at the eNB side, 16-QAM will require tighter EVM. Thus, it is FFS whether 16-QAM is supported or not.
Also note that the max TBS for NB-IoT in DL is no less than 520bits but the final value is still to be decided. However, Table 1 shows potential values up to 1000 bits. Since the UE is half-duplex and it has been agreed in RAN2 to support only 1 HARQ process, it would be beneficial to support max TBS of up to 1000 bits.
Table 1. Transport block size table.
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	1
	24
	56
	144
	256
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	32
	72
	176
	328

	3
	40
	104
	208
	440

	4
	56
	120
	256
	552

	5
	72
	144
	328
	680

	6
	328
	176
	392
	808

	7
	104
	224
	472
	968

	8
	120
	256
	536
	1096

	9
	136
	296
	616
	1256

	10
	144
	328
	680
	1384

	11
	176
	376
	776
	1608

	12
	208
	440
	904
	1800

	13
	224
	488
	1000
	2024

	14
	256
	552
	1128
	2280

	15
	280
	600
	1224
	2472


The working assumption is to use TBCC for all downlink channels. TBCC has much lower complexity compared to Turbo coding as well as slightly better performance for small packet size (less than 100 bits). For large packet size, Turbo coding provides a performance gain of up to 1 dB. However, the NB-PBCH and NB-PDCCH will use TBCC based on legacy LTE coding. Therefore, it would be preferable not to introduce another coding scheme for NB-PDSCH to keep UE complexity low. As a result, it is proposed to confirm the working assumption to use TBCC for the NB-PDSCH as well.
Proposal 3: Confirm the working assumption that TBCC as in LTE is used for all downlink channels.

In LTE, only Chase combining is supported for TBCC. However, incremental redundancy (IR) can provide significant coding gain, especially for high initial code rates. Figure 1 gives performance comparison of Chase vs IR for TBCC in in-band operation. The TBS is 136 bits (corresponding to MCS9) and 24-bit CRC is added. Three OFDM symbols have been reserved for legacy control, thus only 120 symbols are available per TTI. Figure 1 shows performance after 2 transmission (1 initial transmission and 1 re-transmission). When Chase combining is used, the effective code rate remains 0.67 after 2 transmissions. With IR, the effective code rate reduces to 1/3.  
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Figure 1. Performance comparison of Chase vs IR for TBCC.
From Figure 1, it can be seen that significant gain is possible with IR compared to Chase combining. Therefore, it is proposed that IR should be supported for TBCC and redundancy version should be defined. The legacy LTE redundancy version definition can be used as a baseline for the design.
Proposal 4: Support incremental redundancy and redundancy version with TBCC.
NB-IoT is intended to support up to 164 dB MCL. For in-band operation with 35dBm of total eNB transmit power, the SNR at this MCL is -12.6 dB. At this very low SNRs, performance can be significantly worse compared to in normal operation conditions. To improve the performance at very low SNRs, two methods can be used – (1) multi-subframe channel estimation and (2) frequency hopping.

Figure 2 gives performance comparison of single vs multi-subframe channel estimation in in-band operation. The TBS is 16 bits (corresponding to MCS0) and 24-bit CRC is added. Three OFDM symbols have been reserved for legacy control, thus only 120 symbols are available per TTI. Figure 1 shows that performance using multi-subframe channel estimation is significantly better than from single-subframe channel estimation. In this case, channel estimation was done over 3 subframes and the RS used was legacy LTE CRS. Thus, multi-subframe channel estimation should be supported. In practice, since it is proposed that NB-IoT uses only CRS, multi-subframe channel estimation can already be supported in UE implementation. One exception is if frequency hopping is supported. In this case, the downlink transmission must remain in the same frequency location for a certain amount of time prior to hopping to another frequency location. 

Proposal 5: Support multi-subframe channel estimation in DL of NB-IoT.  
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Figure 2. Performance comparison of single vs multi subframe channel estimation.
Frequency hopping can also improve performance significantly and is discussed in details in [2]. For in-band operation, NB-IoT just occupies one of the PRB of the LTE carrier. Generally the LTE system could allocate more PRBs for NB-IoT operation to provide the additional capacity and reduce the latency as well. In both cases, frequency hopping can be applied to NB-IoT to get the frequency diversity gain. Similar as in-band operation, if multiple GSM carriers are refarmed for NB-IoT operation, the frequency hopping can be applied. If the frequency separation between the carriers is larger enough, good frequency diversity gain can be achieved. In addition, interference randomization or interference coordination can also be achieved through frequency hopping. 
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Figure 3. Performance of NB-PDSCH with frequency hopping in in-band operation.
Figure 3 gives the performance NB-PDSCH with frequency hopping for in-band operation. Frequency hopping is between two frequency locations within a 10MHz system bandwidth. The number of repetitions is 16 (i.e. 16ms TTI) and hopping granularity is 8 subframe to allow for good multi-subframe channel estimation. The hopping pattern is fixed and alternates between two frequency locations. From the figure, it is see that there is a gain of approximately 1.5dB at the 10% BLER. Thus, it is proposed that frequency hopping can be used for NB-PDSCH. When frequency hopping is used, cell-specific hopping is preferred. This means that, when frequency hopping is enabled, it can only occur at specific subframes. This provides coordinated hopping for all channels to avoid potential collision.

Proposal 6: Support frequency hopping for NB-PDSCH.
3
Conclusion
In this contribution, we consider NB-PDSCH design for NB-IoT. Based on our analysis, we make the following proposals –

Proposal 1: SFBC is the only transmission scheme supported in NB-IoT for operation with 2 DL Tx antenna ports.
Proposal 2: Support multiple NB-PDSCH TTI values of {1, 2, 4, 8} ms. 
Proposal 3: Confirm the working assumption that TBCC as in LTE is used for all downlink channels.

Proposal 4: Support incremental redundancy and redundancy version with TBCC.
Proposal 5: Support multi-subframe channel estimation in DL of NB-IoT.  

Proposal 6: Support frequency hopping for NB-PDSCH.
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