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1 Introduction
In RAN1#84[1], DL/UL data transmissions were discussed with the following conclusion:

Agreement for NB-PDSCH:

· Error detection through 24-bit Cyclic Redundancy Check (CRC) for NB-PDSCH follows Section 5.3.2.1 in TS 36.212
· Note that it does not have impact on the discussion of potential support of data over physical control channel
· Clarify that the Tail biting convolutional encoding  agreed for NB-PDSCH is according to section 5.1.3.1 in TS 36.212
· 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
Agreement for NB-PUSCH:

· Adaptive HARQ is supported for uplink.

· The HARQ re-transmissions in the uplink are asynchronous. 

· PHICH is not supported for NB-PUSCH
· For 3.75kHz subcarrier spacing of uplink with normal CP, 

· One NB-IoT symbol consists of 528Ts of symbol with CP length of 16Ts assuming Ts=1/1.92MHz. 

· Besides the seven symbols located from the beginning of 2ms period, the remaining time (144Ts) is used as a guard period to minimize the collision between NB-IoT symbols and LTE SRS

Working Assumption:

· Maximum UL TBS supported for NB-IoT is not greater than 1000 bits (exact value FFS)
In this contribution, we discuss the NB-PUSCH/NB-PDSCH coding and repetition for NB-IoT.
2 Discussion
To maintain the DL/UL transmission performance in low SINR condition, repetition for both NB-PDSCH and NB-PUSCH are required. The number of repetition is defined as the total repetition factor of the TB carried in NB-PDSCH or NB-PUSCH. The channel coding and rate matching of one TB may not be influenced by repetition, which means that the channel coding and rate matching are always according the assigned frequency and time domain resource from the DCI for the scheduled TB. 
Since IQ combining is proved to be an effective method to extend coverage during the study of eMTC, IQ combining shall also be used for the repetition transmission for NB-IoT. For both NB-PDSCH and NB-PUSCH with single-tone or multi-tone, one TB can be scheduled to be transmitted in more than one resource unit to achieve low coding rate. Hence, one simple way is to use cyclic subframe level repetition to support IQ combining as shown in [2]. When the repetition time is more than Z, every subframe corresponding one TB is repeated Z times one by one in each cycle so as to maintain the same content in every Z subframes, as shown in Figure 1. When the repetition factor is no more than Z, there are two repetition patterns as shown in Figure 2. Since pattern 1 can support IQ combining, we prefer pattern 1. For simplicity, the value of Z defined for FDD eMTC can be reused for FDD NB-IoT, that is Z=4. 
Although RV cycling is not support for NB-PDSCH while RV cycling may be supported for NB-PUSCH, RV cycling of NB-PUSCH may not impact the design of repetition pattern. Hence, the repetition patterns for NB-PUSCH and NB-PDSCH can be the same to reduce the implementation and specification complexity. RV of NB-PUSCH can be changed among different repetition cycles, and the RV for each subframe corresponding to one TB is the same in one repetition cycle, as shown in Figure 3. For simplicity, RV can be changed following a predefined pattern similar as eMTC without indication in the DCI, so as to reduce the overhead of DCI. 
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Figure 1: cyclic subframe level repetition for larger repetition
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(a) Pattern 1                             (b) pattern 2
Figure 2: cyclic subframe level repetition for small repetition
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Figure 3: cyclic subframe level repetition with RV cycling
For NB-PUSCH, to support IQ combining, the channel coding and rate matching may assume there is no SRS when repetition is enabled and the UL data mapping on the system SRS symbol shall be punctured. It is required to inform the system SRS configuration to NB-IoT UEs so as to allow NB-IoT UEs to puncture UL data on the system SRS symbol. 
For NB-PDSCH, the channel coding and rate matching may assume there is no legacy CSI-RS when repetition is enabled and the DL data mapping on the CSI-RS REs shall be punctured by eNB. Since configuration of legacy CSI-RS is not informed to NB-IoT UEs, UE may combine the legacy CSI-RS to its data; however, considering the density of CSI-RS is not so large, the influence on NB-PDSCH combining is marginal. For in-band operation, since there are MBSFN subframe and non-MBSFN subframe with different CRS transmission and control region configured for legacy UE, the following methods can be considered to support IQ combining:

· For NB-PDSCH carrying SIB1, since MBSFN configuration or valid subframe for NB-PDSCH repetition is not available for NB-IoT UEs, the TB shall be rate matched according to legacy CRS configuration indicated in MIB and a fixed starting OFDM symbol similar as eMTC.
· For NB-PDSCH with unicast DL data and other SIBs, 
· Alt 1: the TB shall be rate matched according the assumption of MBSFN subframe, that is, the TB shall be rate matched assuming there is no CRS and a starting OFDM symbol indicated in SIB1, the data mapping on CRS REs in non-MBSFN subframe shall be punctured and if the control region of MBSFN subframe is larger than the indicated starting OFDM symbol, data mapping on control region of MBSFN subframe shall be punctured.
· Alt 2: the TB shall be rate matched according the assumption of non-MBSFN subframe, that is, the TB shall be rate matched according to legacy CRS configuration indicated in MIB and a starting OFDM symbol indicated in SIB1, the location of CRS REs in MBSFN subframe shall be reserved and if the control region of MBSFN subframe is larger than the indicated starting OFDM symbol, data mapping on control region of MBSFN subframe shall be punctured.
· Alt 3: if NB-PDSCH is repeated only among MBSFN subframe, the TB shall be rate matched according the assumption of MBSFN subframe; if NB-PDSCH is repeated only among non-MBSFN subframe, the TB shall be rate matched according the assumption of non-MBSFN subframe; if NB-PDSCH is repeated among MBSFN subframe and non-MBSFN subframe, either Alt 1 or Alt 2 can be reused.
Alt 3 is much more complexity compared with Alt 1 and Alt2, which is not preferred. The performance of NB-PDSCH combining with Alt 1 may be degraded if there are more non-MBSFN subframes during the repetition. For Alt 2, the resources corresponding CRS are wasted in the MBSFN subframe which will reduce the resource utilization especially when there are more MBSFN subframes during the repetition. However, for the demerit of Alt 1 and Alt 2, it depends on the configuration of legacy MBSFN subframe and the valid subframe for NB-IoT. From this point, both Alt 1 and Alt 2 can be considered. 
If we also consider the guard-band and stand-alone operations, since there is no CRS, the rate matching is similar as Alt 1. So if Alt 1 is adopted, the channel coding and rate matching for NB-PDSCH is uniform among in-band, guard-band and stand-alone operations. If Alt 2 is adopted, the channel coding and rate matching for NB-PDSCH for in-band operation shall be separately defined from guard-band and stand-alone operations.
Based on the analysis above, we have the following proposals:

Proposal 1: Repetition shall be supported for NB-PDSCH and NB-PUSCH.
Proposal 2: The channel coding and rate matching are always according the assigned frequency and time domain resource from the DCI for the scheduled TB no matter repetition is used or not.

Proposal 3: The same cyclic subframe level repetition shall be used for NB-PDSCH and NB-PUSCH.
Proposal 4: If RV cycling is supported for NB-PUSCH, RV of NB-PUSCH can be changed among different repetition cycles following a predefined order.
Proposal 5: The channel coding and rate matching for NB-PUSCH may assume there is no SRS when repetition is used and the UL data mapping on the system SRS symbol shall be punctured.

Proposal 6: The channel coding and rate matching for NB-PDSCH may assume there is no legacy CSI-RS when repetition is used and the DL data mapping on the legacy CSI-RS REs shall be punctured.

Proposal 7: For NB-PDSCH carrying SIB1, the TB shall be rate-matched according to legacy CRS configuration indicated in MIB and a fixed starting OFDM symbol similar as eMTC.
Proposal 8: For NB-PDSCH with unicast DL data and other SIBs, either Alt 1 or Alt 2 can be considerd.
3 Conclusions

In this contribution, we discuss the coding and repetition of NB-PDSCH and NB-PUSCH for NB-IoT with the following proposals:
Proposal 1: Repetition shall be supported for NB-PDSCH and NB-PUSCH.
Proposal 2: The channel coding and rate matching are always according the assigned frequency and time domain resource from the DCI for the scheduled TB no matter repetition is used or not.

Proposal 3: The same cyclic subframe level repetition shall be used for NB-PDSCH and NB-PUSCH.
Proposal 4: If RV cycling is supported for NB-PUSCH, RV of NB-PUSCH can be changed among different repetition cycles following a predefined order.
Proposal 5: The channel coding and rate matching for NB-PUSCH may assume there is no SRS when repetition is used and the UL data mapping on the system SRS symbol shall be punctured.

Proposal 6: The channel coding and rate matching for NB-PDSCH may assume there is no legacy CSI-RS when repetition is used and the DL data mapping on the legacy CSI-RS REs shall be punctured.

Proposal 7: For NB-PDSCH carrying SIB1, the TB shall be rate-matched according to legacy CRS configuration indicated in MIB and a fixed starting OFDM symbol similar as eMTC.
Proposal 8: For NB-PDSCH with unicast DL data and other SIBs, either Alt 1 or Alt 2 can be considerd.
4 References

[1]. Draft Report of RAN1#84
[2]. R1-161125, WF on PUSCH & PDSCH Repetitions, Sony, Panasonic


























































































PAGE  

_1519557706.vsd
文本�

1 TB


�

1 RU


�

6 tones


�

1 subframe


4 times repetition


Channel coding& rate matching


Mapping


Coded block


�

1 cycle



_1519557857.vsd
文本�

1 TB


�

1 RU


�

6 tones


�

1 subframe


4 times repetition


Channel coding& rate matching


Mapping


Coded block


�

1 cycle



_1519559113.vsd
文本�

1 TB


�

1 RU


�

6 tones


�

8 times repetition


Channel coding& rate matching


1 subframe


Mapping


�

1 cycle with RV0


�

Z=4


�

1 cycle with RV1


�

Z=4


�

1 RU


�

6 tones


�

1 subframe


Coded block


Mapping


RV0


RV1



_1519557411.vsd
文本�

1 TB


�

1 RU


�

6 tones


�

1 subframe


8 times repetition


Channel coding& rate matching


Mapping


Coded block


�

1 cycle


�

Z=4


�

1 cycle


�

Z=4



