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Introduction
In RAN1#90bis meeting, the downlink aspects of NB-IoT TDD were discussed. The following agreements were reached [1]. 
Agreements
· MIB-NB is transmitted on the same NB-IoT carrier as NPSS/NSSS.
· It is supported that SIB1-NB is transmitted only on the anchor carrier
· In at least subframe #0 in odd frames
· It is supported that SIB1-NB can be transmitted on non-anchor carrier, FFS details
· It is necessary to consider SFN wraparound as part of FFS
· Periodicity of SIB1-NB in TDD is the same as FDD (i.e. 2560ms)
· One transport block of SIB1-NB is transmitted over 8 SIB1-NB subframes (i.e. same as FDD)

Agreements:
· For NPSS, NSSS and NPBCH transmission in TDD:
· NPSS is transmitted on subframe #5 in every radio frame
· NSSS is transmitted on subframe #0 in every even-numbered radio frame
· NPBCH is in subframe 9 in every radio frame on the same carrier as NPSS/NSSS.

In this contribution, we continue to discuss the remaining design details of DL aspects, such as SIB1-NB on the non-anchor carrier and NPDCCH/NPDSCH presence in DwPTS. This Tdoc is a revision of R1-1718146 [2].
Discussion 
SIB1-NB
For the SIB1-NB on the anchor carrier, the performance will be degraded by interference from NSSS of neighboring cell when the repetition level is 16. In such case, transmitting the SIB-NB on the non-anchor carrier will not suffer from interference from NSSS, and the SIB1-NB of the two neighboring cells can be time domain multiplexed with different frame offset same as FDD. However, it is observed that the power boosting on the non-anchor carrier may be different from that of the anchor carrier. According to [3], for LTE inband deployment, the maximum power boosting on the non-anchor carrier is only 3dB which is smaller than the 6dB on the anchor carrier. Therefore, the performance of the SIB1-NB on the non-anchor carrier will be worse than the anchor carrier. 
However, the power boosting is related to whether the shared PA is used for LTE system and NB-IoT. At least for standalone or guard band deployment scenario, it is possible to use a separate PA for the NB-IoT system. In such case, it shall be possible to have the same PSD on both anchor and non-anchor carrier. Even for LTE inband deployment with shared PA, it is still possible to use 6dB power boosting on the non-anchor carrier by blanking more PRBs in LTE system. 
Observation 1: The maximum 6dB power boosting on the non-anchor carrier is feasible for standalone or guard band deployment when a separate PA is used for NB-IoT. 

The following two options were proposed for the SIB1-NB configured on the non-anchor carrier. 
· Option 1: SIB1-NB is transmitted only on the non-anchor carrier
· Option 2: SIB1-NB is transmitted on both anchor and non-anchor carrier
The consideration for Option 2 is the insufficient power boosting on the non-anchor carrier and therefore it is not possible to transmit the SIB1-NB only on the non-anchor carrier. Figure 1 below shows an example of Option 2 where the anchor and non-anchor carrier are time multiplexed for every block of 160ms. 
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Figure 1: Example of SIB1-NB on both anchor and non-anchor carrier
For Option 2, more repetitions (or transmission subframes) on the non-anchor carrier are needed due to insufficient power boosting on the non-anchor carrier. For example, the SIB1 is transmitted on the subframe #0 of every radio frame in the non-anchor carrier. This may require UE to decode more subframes in the same period thus increasing the power consumption. For Option 1, it is assumed that the full power boosting can be used for the non-anchor carrier. Therefore, the SIB1-NB transmission on the non-anchor carrier can be same as FDD except for replacing subframe #4 with subframe #0 considering MBSFN subframe allocation in TDD. The SIB1-NB will be transmitted every 20ms, and the exact radio frame can be determined by cell ID and the number of repetition by reusing the same scheduling information table of FDD. 
As we discuss the power boosting on the non-anchor carrier is not an issue. Option 1 has a benefit to reuse FDD design as much as possible. Therefore, we prefer to Option 1 for SIB1-NB transmission on the non-anchor carrier.
Proposal 1: The SIB1-NB can be transmitted on either the anchor or non-anchor carrier according to the 1-bit indicator in the MIB-NB.
Proposal 2: The SIB1-NB is transmitted on subframe #0 of every alternate radio frame. The scheduling information table of FDD is reused to determine the radio frame to transmit on the non-anchor carrier.
Another open issue is the frequency domain location of the non-anchor carrier. One solution is to use a predefined non-anchor carrier, e.g., the next one or the previous one to the anchor carrier. The relative offset to the anchor carrier can be based on the cell ID to avoid explicit signalling in the MIB-NB. However, for LTE inband deployment, the arbitrary selection of the non-anchor carrier may result in the anchor and non-anchor carrier not in the same RBG which may degrade the PRB resource utilization for the LTE system. As shown in Figure 2 below, if PRB index 9 is used for the anchor carrier it is preferable to select the next PRB#10 as the non-anchor carrier. Similarly, if PRB #35 is used for the anchor carrier then the non-anchor carrier can be on PRB#34 to ensure both carriers on the same RBG. Therefore, the non-anchor carrier position shall be dependent on the frequency location of the anchor carrier. 
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Figure 2: Relationship between the anchor/non-anchor carrier and LTE RBG (10MHz BW)
Proposal 3: The frequency position of the non-anchor carrier shall be based on the location of the anchor carrier at least for inband deployment. Using 1 or 2 bits in the MIB-NB to indicate the relative offset to the anchor carrier. 
NPDCCH/NPDSCH
For NPDCCH/NPDSCH of NB-IoT TDD, we can adopt FDD design as much as possible. Due to the limited number of DL subframes for some TDD UL/DL configurations, the NPDCCH/NPDSCH may be transmitted on the non-anchor carrier also for broadcast transmission. Another key difference for NB-IoT TDD is whether to support NPDCCH/NPDSCH in the special subframe.
There could be the following choices for NPDCCH/NDSCH in the special subframe:
· Option 1: NPDSCH/NPDCCH would not be allocated on special sub-frames. If repetition is configured, the allocation would be postponed to the next possible DL sub-frame.
· Option 2: NPDSCH/NPDCCH shall be assumed to be allocated on special sub-frames, but the entire subframe shall be punctured. UE shall ignore such special sub-frames while receiving NPDSCH.
· Option 3: NPDSCH/NPDCCH shall be assumed to be allocated as in other sub-frames. Puncturing shall be applied for the OFDM symbols used for GP and UpPTS.
· Option 4: NPDSCH/NPDCCH shall be assumed to be allocated on special sub-frames. The rate matching shall be done accounting for the reduced number of OFDM symbols
We think the NPDCCH/NPDSCH allocation in the special subframe can be a function of special subframe configuration. That is, if the number of OFDM symbols in DwPTS is smaller than X, then the special subframe will be treated as the invalid subframe and NPDCCH/NPDSCH will be postponed to the next possible DL subframe. If the number of OFDM symbols is greater than X, then NPDCCH/NPDSCH can be presented in the special subframe using puncturing or rate matching. 
Proposal 4: NPDCCH/NPDSCH may be present (punctured or rate matched) in the special subframe if the number of OFDM symbols is greater than X. FFS the value of X. 
To support NPDCCH/NPDSCH in DwPTS, a new NRS pattern may need to be defined. Currently, NRS is transmitted on last two OFDM symbols in each slot as shown in Figure 3. For DwPTS with 11 or 12 OFDM symbols, the last two OFDM symbols in the second slot of the subframe are used for GP and UpPTS. Therefore, NRS in the special subframe can be based on the existing pattern by puncturing the last two NRS symbols. It is also possible to consider a shifted NRS pattern as shown in Figure 3 for which NRS is mapped to the 3rd and 4th OFDM symbols of each slot. The new NRS pattern has the same density as in normal DL subframe.
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Figure 3: NRS pattern in normal and special subframe
Proposal 5: For DwPTS with 11 and 12 OFDM symbols, a new NRS pattern is defined whether NRS is mapped to the 3rd and 4th OFDM symbols of each slot.
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In this contribution, we discussed the DL design aspects of NB-IoT TDD. We made the following observations and proposals:
Observation 1: The maximum 6dB power boosting on the non-anchor carrier is feasible for standalone or guard band deployment when a separate PA is used for NB-IoT. 
Proposal 1: The SIB1-NB can be transmitted on either the anchor or non-anchor carrier according to the 1-bit indicator in the MIB-NB.
Proposal 2: The SIB1-NB is transmitted on subframe #0 of every alternate radio frame. The scheduling information table of FDD is reused to determine the radio frame to transmit on the non-anchor carrier.
Proposal 3: The frequency position of the non-anchor carrier shall be based on the location of the anchor carrier at least for inband deployment. Using 1 or 2 bits in the MIB-NB to indicate the relative offset to the anchor carrier. 
[bookmark: _GoBack]Proposal 4: NPDCCH/NPDSCH may be present (punctured or rate matched) in the special subframe if the number of OFDM symbols is greater than X. FFS the value of X. 
Proposal 5: For DwPTS with 11 and 12 OFDM symbols, a new NRS pattern is defined whether NRS is mapped to the 3rd and 4th OFDM symbols of each slot.
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