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Introduction
In the last RAN4 #87 meeting, RAN4 agreed the way-forward [1] regarding the TDD demodulation requirement for FeNB-IoT UE.

	R4-1808449 [1]:

· NPBCH
· FFS reuse the NPBCH FDD performance requirements for NPBCH TDD, but with the RMC and test parameters updates for TDD
· NPDSCH
· Not define performance requirements for the scenarios with the special subframe configuration 0 and 5 that the number of OFDM symbols in DwPTS equals to 3
· Select special subframe configuration #4 for the scenario that the number of OFDM symbols in DwPTS is larger than 3 for the related NPDSCH TDD demodulation performance evaluation.
· Option 1: Consider to add a certain margin [0.5]dB on top of the existing NPDSCH FDD performance requirements
· Option 2: Wait for RAN1 agreements about how to handle transmission in special subframe for further evaluation
· NPDCCH
· Option 1: Consider to add a certain margin [0.5]dB on top of the existing NPDCCH FDD performance requirements
· Option 2: Wait for RAN1 agreements about how to handle transmission in special subframe for further evaluation




In this paper, we present our view on the remaining open issues regarding the TDD demodulation requirement for NB-IoT UE.
Discussion
NPBCH
In TDD NB-IoT, NPBCH is transmitted every SF9 instead of SF0. While NPBCH subframe in FDD has a guaranteed preceding NRS subframe, NPBCH subframe in TDD may be transmitted without any preceding or following NRS subframes. Such limitation may affect the NPBCH demodulation performance of a UE that uses the channel estimation across the NRS subframes. However, as discussed in the last RAN4 meeting, the existing NPBCH demodulation requirement is defined without considering any cross-subframe NRS channel estimation. To this end, we propose to confirm that NPBCH performance requirement defined for FDD can be reused for TDD.
Proposal 1. NPBCH TDD requirement is defined at the same SNR point as FDD, with the RMC and test parameters updated for TDD.
NPDSCH
For NPDSCH and NPDCCH performance, one distinct difference in TDD, compared to FDD, is that the different rate matching and puncturing behaviour in the special subframe. Depending on whether it is inband or standalone/guardband and depending on whether the repetition is enabled or not, the rate matching/puncturing behaviour in the special subframe is defined differently in RAN1. Figure 1 shows an example of rate-matching/puncturing for the case of in-band deployment with the repetition level > 1. It can be seen that the effective code rate in the special subframe is increased by 38% (=100/72), and hence the demodulation performance requirement should be relaxed accordingly.


  
Figure 1. Rate-matching/puncturing behaviour in the special subframe (inband, repetition>1, SSF4): REs of the normal subframe not mapped to the special subframe in red (left), unused REs in the special subframe in red (right)
Figure 1 to 4 presents the simulation result for TC 8.12.1.1.3 Test 1, TC 8.12.1.1.1 Test 1, and TC 8.12.1.1.2 Test 1 and 2 where the original test parameters are updated such that NPDSCH is transmitted in TDD with the ULDL config of 1 and the special subframe type of 4 as agreed in [1]. It can be seen that the higher code rate in the special subframe results in up to 1.5dB of SNR loss at the 30% BLER test point (=70% of the max configured throughput). For the higher Doppler test (5Hz) with repetition >1, TC 8.12.1.1.2 Test 1, it is observed that TDD scenario may benefit from the time diversity due to the NPDSCH repetition undergoing the less correlated channel realization. However, at the 30% BLER test point, TDD still shows 1dB loss compared to FDD. To this end, we propose that the NPDSCH demodulation requirement defined in FDD should be relaxed by 1.5dB in TDD.
Proposal 2. Requirement for NPDSCH demodulation in TDD is defined based on FDD requirement with the additional margin of [1.5] dB.


Figure 1. TC 8.12.1.1.3 Test 1 in TDD (ULDL config = 1, SSF type = 4)

 
Figure 2. TC 8.12.1.1.1 Test 1 in TDD (ULDL config = 1, SSF type = 4)

Figure 3. TC 8.12.1.1.2 Test 1 in TDD (ULDL config = 1, SSF type = 4)

Figure 4. TC 8.12.1.1.2 Test 2 in TDD (ULDL config =1, SSF type=4)
NPDCCH
Relative code rate increase due to the special subframe should be identical between NPDSCH and NPDCCH demodulation cases. Therefore, our view is that the same relaxation we introduce for NPDSCH demodulation requirement in TDD can be re-used for NPDCCH demodulation requirement in TDD.
Proposal 3. Requirement for NPDCCH demodulation in TDD is defined based on FDD requirement with the additional margin of [1.5] dB.
Conclusions
[bookmark: _GoBack]In this paper, we discussed the remaining open issues in the demodulation requirement for TDD NB-IoT UE. The proposals made in this paper are summarized as follows.

Proposal 1. NPBCH TDD requirement is defined at the same SNR point as FDD, with the RMC and test parameters updated for TDD.
Proposal 2. Requirement for NPDSCH demodulation in TDD is defined based on FDD requirement with the additional margin of [1.5] dB.
Proposal 3. Requirement for NPDCCH demodulation in TDD is defined based on FDD requirement with the additional margin of [1.5] dB.
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