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Introduction
In this contribution, we discussed the following remaining issues on DL design for TDD NB-IoT:
· SIB1-NB on the non-anchor carrier
· NRS subframe location on the anchor and non-anchor carrier
· NPDCCH and NPDSCH transmission and RE mapping
· OTDOA for TDD NB-IoT
SIB1-NB on the non-anchor carrier 
In RAN1#92bis, the following agreement for SIB1-NB transmission on the non-anchor carrier was made. 
Agreements:
· For non-anchor carrier transmission of SIB1-NB
· MIB-NB has 3 bits to indicate the number of repetitions/TBS
· MIB-NB has 1 bit to indicate the frequency domain location of SIB1-NB non-anchor carrier
· For in-band anchor + in-band non-anchor, either the adjacent lower PRB relative to anchor PRB, or the adjacent higher PRB relative to anchor PRB
· FFS guard-band combinations
· For standalone + standalone, to indicate one of the 2 adjacent carriers relative to anchor carrier. FFS signaling of frequency offset of the carrier.
According to the agreement, there is 1 bit in MIB-NB for indicating the frequency location of the non-anchor carrier for inband and standalone deployment mode. However, the frequency location of the non-anchor carrier for guardband mode has not been agreed. In our view, the same approach can be reused for guardband mode, i.e., one bit to indicate the adjacent lower or higher carrier to the anchor PRB. Depending on the location of the anchor PRB, the interpretation of the adjacent lower and higher carrier can be different. For example, if the anchor carrier is in the upper bandwidth part, i.e., with a negative raster offset, the adjacent lower carrier is an inband non-anchor carrier and the adjacent higher carrier is a guardband non-anchor carrier. Similarly, if the anchor carrier is the lower bandwidth part, i.e., with a positive raster offset, the adjacent lower carrier is a guardband non-anchor carrier and the adjacent higher carrier is an inband non-anchor carrier. One example for 10MHz LTE system bandwidth is shown in Figure 1 below.
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Figure 1: Relationship between the anchor/non-anchor carrier based on the raster offset
It is also noted that the frequency offset of the guardband anchor carrier to the inband LTE PRB is not always 180 kHz. For 5 and 15MHz system bandwidth, there are 45kHz offset. Therefore, in order to derive the center frequency of the inband non-anchor, it seems the inband LTE system bandwidth shall be signalled to UE. Fortunately, this signalling is not needed since UE can determine whether there is 45kHz offset between the guardband anchor carrier and the inband non-anchor carrier based on the value of the raster offset. For the raster offset of +7.5kHz or -7.5kHz, the inband LTE system bandwidth is either 5MHz or 15KMHz and thus 45kHz offset is considered. And for the raster offset of +2.5kHz or -2.5kHz the LTE system bandwidth is either 10MHz or 20MHz and the 45kHz offset is not considered. 
Proposal 1: For guardband, the 1-bit freqInfoSIB1 in MIB-NB is used to indicate the SIB1-NB non-anchor on either the adjacent lower carrier or the adjacent higher carrier relative to the anchor carrier and the frequency location is further determined by the signalled raster offset
NRS subframe location
In Rel-14 FDD, the UE’s assumption on NRS subframe location can be different for the anchor and non-anchor carrier. For the anchor carrier, NRS may be transmitted on subframe 0, 4 and 9 not containing NSSS, and for the non-anchor carrier NRS can be transmitted in two additional subframes, i.e., subframe 1 and 3. 
For TDD NB-IoT, before a UE obtains the MIB-NB, the UE may assume NRS is transmitted in subframe 0 of every odd-numbered frame and subframe #9. After the acquisition of the MIB-NB, if subframe #4 is used for SIB1-NB transmission on the anchor carrier, then UE will assume NRS is also transmitted in subframe #4. UE can further assume that NRS is transmitted in any other valid NB-IoT DL and special subframes based on the valid subframe bitmap configuration in SIB1-NB.
For the non-anchor carrier where the SIB1-NB is transmitted, UE can assume that NRS is transmitted in subframe 0, 5 and 9. In addition, UE can assume NRS is transmitted in any other valid NB-IoT DL and special subframes if the valid subframe configuration bitmap for the non-anchor carrier is indicated by SIB1-NB.
Proposal 2: For the anchor carrier, UE assumes that NRS is transmitted in subframe #0 not containing NSSS, #9, #4 if used for SIB1-NB, and any other valid DL subframes based on the valid subframe configuration in SIB1-NB
Proposal 3: For the non-anchor carrier where the SIB1-NB is transmitted, UE may assume that NRS is transmitted in subframe #0, #5, #9 and any other valid DL subframes based on the valid subframe configuration in SIB1-NB

NPDCCH/NPDSCH transmission
In RAN1#92 meeting, the following were agreed for NPDCCH and NPDSCH transmission for TDD NB-IoT.
Agreements:
· For NPDSCH, and working assumption for NPDCCH
· Transmission in DwPTS is supported for in-band when the number of OFDM symbols in DwPTS is greater than 3. 
· FFS if all DwPTS configurations are supported for NPDCCH
· Transmission in DwPTS is supported for guard-band and standalone for all DwPTS configurations. 
· FFS if all numbers of repetitions of NPDCCH are supported
· FFS if all aggregation levels of NPDCCH are supported
· FFS on NRS mapping

Regarding the support of NPDCCH for all DwPTS configuration, our view is not to support NPDCCH on special subframe with 3 DwPTS symbols for in-band mode. This is aligned with the agreement for NPDSCH. 
Secondly, for guardband and standalone, the transmission of NPDCCH on special subframe with 3 DwPTS symbols may result in a coding rate larger than 1 when the aggregation level of NPDCCH is equal to 1. Therefore, it is recommended not to support it. 
Proposal 4: For in-band mode, NPDCCH transmission in DwPTS is not supported when the number of OFDM symbols in DwPTS is equal to 3.
Proposal 5: For guardband and standalone, the aggregation level 1 is not supported for NPDCCH transmission in DwPTS when the number of OFDM symbols in DwPTS is equal to 3.
When NPDCCH and NPDSCH are transmitted in the special subframe, the RE mapping shall be discussed. For NPDSCH transmission without the repetition, the rate matching shall be done according to the available REs in DwPTS.  For the case of NPDSCH with repetition, there are two cases that need to be discussed, i.e. simple repetition or cyclic repetition. In case of simple repetition, the rate matching can be adopted same as NPDSCH without repetition. However, the rate matching cannot be adopted for cyclic repetition since the number of available REs may be different for a block of subframes for cyclic repetition. It is noted that puncturing the OFDM symbols used for GP and UpPTS may not support coherent combining either since NRS pattern and symbol location are different in normal DL and special subframe. Therefore, to support coherent combining, NPDSCH would not be allocated on special subframe and the allocation would be postponed to the next available normal DL subfame. Alternatively, depending on special subframe configuration we can have different approaches. For example, for special subframe configuration #1, #2, #6 and #7 NRS is only mapped to the 6th and 7th symbols of the first slot, and the rate matching can be done same as the regular DL subframe but the mapping on the GP and UpPTS symbols is punctured. But for other special subframe configurations where a shifted NRS pattern is used, coherent combining cannot be assumed for NPDSCH transmission in the special subframe. Therefore, it is good not to allocate NPDSCH in the special subframe when cyclic repetition is configured.
Proposal 6: For NPDSCH without repetition or with a non-cyclic repetition, the rate matching shall be used for RE mapping in the special subframe. 
Proposal 7: For NPDSCH with cyclic repetition, the special subframe is counted for NPDSCH RE mapping only for special subframe configuration #1, #2, #6 and #7 with the mapping on the GP and UpPTS symbols punctured 
For NPDCCH, it is different from NPDSCH that the transport block is mapped to one subframe and repeated in multiple subframes for coverage enhancements. Therefore, the rate matching can be done according to the available REs in each transmission subframe. If the special subframe is used for NPDCCH, the coherent combining may not be assumed due to different NRS pattern and symbol locations used in the special subframe. But this may not be a big issue.
Proposal 8: For NPDCCH, the rate matching is done according to the available REs in each transmission subframe  

OTDOA for TDD NB-IoT
In the updated WID, it is specified that the support of OTDOA shall be introduced in TDD NB-IoT. Given the limited time remained for the specification work, it is recommended to reuse the FDD design such as NPRS sequence and subframe configuration as much as possible. Compared to FDD, the main issue for TDD is whether to support NPRS transmission in the special subframe. Since the number of OFDM symbols in the special subframe is reduced, it is not beneficial to have NPRS transmission. Therefore, we propose
Proposal 9: For TDD NB-IoT, NPRS is not supported in the special subframe.
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Conclusions
In this contribution, we discussed the remaining issues for DL design of NB-IoT TDD. We made the following proposals:
Proposal 1: For guardband, the 1-bit freqInfoSIB1 in MIB-NB is used to indicate the SIB1-NB non-anchor on either the adjacent lower carrier or the adjacent higher carrier relative to the anchor carrier and the frequency location is further determined by the signalled raster offset
Proposal 2: For the anchor carrier, UE assumes that NRS is transmitted in subframe #0 not containing NSSS, #9, #4 if used for SIB1-NB, and any other valid DL subframes based on the valid subframe configuration in SIB1-NB
Proposal 3: For the non-anchor carrier where the SIB1-NB is transmitted, UE may assume that NRS is transmitted in subframe #0, #5, #9 and any other valid DL subframes based on the valid subframe configuration in SIB1-NB
Proposal 4: For in-band mode, NPDCCH transmission in DwPTS is not supported when the number of OFDM symbols in DwPTS is equal to 3.
Proposal 5: For guardband and standalone, the aggregation level 1 is not supported for NPDCCH transmission in DwPTS when the number of OFDM symbols in DwPTS is equal to 3.
Proposal 6: For NPDSCH without repetition or with a non-cyclic repetition, the rate matching shall be used for RE mapping in the special subframe. 
Proposal 7: For NPDSCH with cyclic repetition, the special subframe is counted for NPDSCH RE mapping only for special subframe configuration #1, #2, #6 and #7 with the mapping on the GP and UpPTS symbols punctured 
Proposal 8: For NPDCCH, the rate matching is done according to the available REs in each transmission subframe  
Proposal 9: For TDD NB-IoT, NPRS is not supported in the special subframe.
Proposal 10: The NPRS sequence and configuration can be reused in FDD for TDD NB-IoT.
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