3GPP TSG RAN WG1 Meeting #90bis
R1-1716982
Prague, Czech Republic, October 9-13, 2017
Agenda Item:
6.2.6.3.1
Source:
Huawei, HiSilicon
Title:
On downlink TDD NB-IoT
Document for:
Discussion and decision
1 Introduction

In RAN1#90, the relevant agreements for NPSS, NSSS, NPBCH and SIB1-NB transmission in TDD NB-IoT are shown below [1]. Based on these agreements, we further analyze the detailed NPSS/NSSS/NPBCH/SIBs transmission in this paper.
2 NPSS/NSSS/NPBCH/SIBs transmission in TDD NB-IoT
In FDD, NPSS is transmitted in subframe 5 of every radio frame. The UE can obtain the radio frame boundary once NPSS is detected. In TDD NB-IoT, it is agreed that subframe set {0, 4, 5, 8, 9} will be used for NPSS/NSSS/NPBCH transmission and subframes 0 and 5 will certainly be used. If NPSS location is different with FDD e.g. on subframe 0 instead of subframe 5, then the UE would have two hypothesis on the radio frame boundary since the duplex mode is not known by the UE after NPSS is detected. Thus in order to reduce the hypotheses and keep the same NPSS detection latency as FDD, NPSS in TDD is preferred to transmit also in subframe 5 of every radio frame.
Proposal 1: NPSS for TDD is transmitted on subframe 5 of every radio frame.

So for NSSS, the candidate positions are subframe set {0, 4, 8, 9}. If NSSS is transmitted on subframe 4, then uplink-downlink configuration 3 is not supported. If NSSS is transmitted on subframe 8, then uplink-downlink configuration 1 is not supported. However, UL-DL configuration 1 and 3 are very suitable, and commonly used, for TDD due to having more downlink resources. Moreover, from uplink perspective, NPRACH and NPUSCH can also be transmitted in UL-DL configuration 1 and 3 with small changes compared with FDD. So in order to support UL-DL configuration 1 and 3 and keep the same NSSS sequence design as FDD to reduce UE complexity, it is preferred that NSSS is transmitted in subframe 0 of every even-numbered radio frame. 

Proposal 2: NSSS for TDD is transmitted on subframe 0 of every even-numbered radio frame.

In FDD, NPBCH is transmitted on subframe 0 of every radio frame with a period of 640 ms. It is always transmitted on the same carrier as NPSS/NSSS. In TDD, there are two options for NPBCH transmission:

Option-1: NPBCH is transmitted on a different carrier than NPSS/NSSS

Option-2: NPBCH is transmitted on the same carrier as NPSS/NSSS

In option-1, in order to support UL-DL configuration 1 and 3 as discussed in NPSS/NSSS part, the location of NPBCH cannot be subframe 4 or 8. If subframe 9 is used for NPBCH transmission, then it means UL-DL configuration 0 is not supported. In this case, the candidate position for NPBCH is subframe {0, 5} of every radio frame on a different carrier than NPSS/NSSS. All UL-DL configurations can be supported in this option. However, the UE has to retune to a different carrier to receive NPBCH after NPSS and NSSS detection. Then how the UE knows the NPBCH carrier is a problem. If NPBCH carrier is indicated by NSSS, then this will increase the NSSS detection complexity.
In option-2, in order to support UL-DL configurations as much as possible from downlink transmission aspects, NPBCH can be transmitted on subframe 9 of every radio frame on the same carrier as NPSS/NSSS. In this case, UE does not need to retune to another carrier to receive NPBCH. However, UL-DL configuration 0 cannot be supported in this option. 
From UE perspective, it is preferred to keep the complexity of synchronization signal detection as low as possible, and to receive NPBCH on the same carrier as NPSS/NSSS to avoid this retuning.
Proposal 3: NPBCH for TDD is transmitted on subframe 9 of every radio frame on the same carrier as NPSS/NSSS.

In FDD, SIB1-NB transmission occurs in subframe 4 of every other frame in 16 continuous frames with a period of 2560 ms on the same carrier as NPBCH. In TDD, it is preferred that SIB1-NB is transmitted on the same carrier as NPBCH to keep the minimum deployment bandwidth the same with FDD. In this case, SIB1 can be transmitted on subframe 0 of every odd-numbered radio frame. 
Proposal 4: SIB1-NB for TDD is transmitted on the same carrier as NPSS/NSSS in every odd-numbered radio frame.

According to the WID, in-band, guard-band, and standalone operation modes need to be supported for TDD NB-IoT. In order to keep a common design, the location of NPSS/NSSS/NPBCH/SIB1-NB in all three operation modes (i.e. in-band, guard-band, standalone) should be the same even if new UL-DL configurations are supported in standalone mode.

Proposal 5: The subframe locations of NPSS/NSSS/NPBCH/SIB1-NB for TDD are the same for in-band, guard-band, and standalone operation modes.

As to the signal generation of NPSS, it is preferred to keep it the same as FDD to minimize the specification effort and keep the synchronization performance similar as in Rel-13/14. There are two options for the Zadoff-Chu root sequence index used for NPSS signal generation after discussion in RAN1#90:

Option-1: Zadoff-Chu root sequence index u is the same with FDD, i.e. u=5

Option-2: Zadoff-Chu root sequence index u is different with FDD, i.e. u=6

Since the length of the Zadoff-Chu sequence is 11, the sequence adopting u=6 is the complex conjugate sequence of option-1. The phase difference between these two options is π. From the UE implementation perspective, sliding auto-correlation is always used to check whether there is a NPSS signal and then estimate the timing offset and the CFO. If the complex conjugate sequence i.e. u=6 is adopted in TDD NB-IoT, there may be an impact on the false alarm of the FDD NPSS signal detection due to the π phase difference.
Proposal 6: Confirm the working assumptions, i.e. NPSS uses the same cover code, and the same subcarriers in a subframe for TDD as FDD.

Proposal 7: The ZC sequence root index for NPSS, u = 5, i.e. the same as FDD.
With the design proposed above, there is no need to convey any new information via NSSS and therefore the UE implementation does not need to be changed, or added to, by designing a new NSSS. This implies that the duplex mode is inferred from the relative locations of NPSS and NSSS.
Proposal 8: NSSS sequence in TDD is the same as FDD.

Proposal 9: Duplex mode is inferred from the relative locations of NPSS and NSSS.

Based on above proposals, the NPSS/NSSS/NPBCH/SIB1-NB locations are shown in figure 1 taking UL-DL configuration 1 as an example.
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Fig. 1 NPSS/NSSS/NPBCH/SIB1-NB transmission in TDD
3 NRS in TDD NB-IoT
In FDD, NRS is transmitted on one or two antenna ports and mapped in the last two OFDM symbols of a slot as shown in figure 2. In TDD NB-IoT, in order to minimize the specification effort, we can reuse NRS design from FDD as much as possible, at least for normal downlink subframes. 
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Fig.2 NRS mapping in FDD

Proposal 10: In normal subframes, NRS transmission in TDD is the same as FDD.
NRS in DwPTS in special subframe may need some changes since the number of OFDM symbols in DwPTS part is limited. For example, in special subframe configuration 9 and 10, there are only 6 OFDM symbols in DwPTS part which means that the NRS in last symbol of the first slot is punctured if reuse FDD NRS mapping pattern. If NRS transmission in DwPTS is changed to 2nd and 3rd symbols, then the problem still exists in special subframe configuration 0. However, at least the NRS sequence, and antenna ports in special subframe should be the same as FDD. 
Proposal 11: In special subframes, NRS sequence and antenna ports definition are the same as FDD, and FFS the RE mapping.

4 Conclusions
In this contribution, we give some views about transmission of NPSS/NSSS/NPBCH/SIB1-NB for TDD NB-IoT and analyze the NRS in TDD NB-IoT.
Proposal 1: NPSS for TDD is transmitted on subframe 5 of every radio frame.

Proposal 2: NSSS for TDD is transmitted on subframe 0 of every even-numbered radio frame.

Proposal 3: NPBCH for TDD is transmitted on subframe 9 of every radio frame on the same carrier as NPSS/NSSS.
Proposal 4: SIB1-NB for TDD is transmitted on the same carrier as NPSS/NSSS in every odd-numbered radio frame.
Proposal 5: The subframe locations of NPSS/NSSS/NPBCH/SIB1-NB for TDD are the same for in-band, guard-band, and standalone operation modes.
Proposal 6: Confirm the working assumptions, i.e. NPSS uses the same cover code, and the same subcarriers in a subframe for TDD as FDD.
Proposal 7: The ZC sequence root index for NPSS, u = 5, i.e. the same as FDD.
Proposal 8: NSSS sequence in TDD is the same as FDD.

Proposal 9: Duplex mode is inferred from the relative locations of NPSS and NSSS.

Proposal 10: In normal subframes, NRS transmission in TDD is the same as FDD.
Proposal 11: In special subframes, NRS sequence and antenna ports definition are the same as FDD, and FFS the RE mapping.
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Agreements:


We will position NPSS and NSSS and NPBCH in subframes from among the set: {0, 4, 5, 8, 9} – FFS which precise subframes.


If NPSS and NSSS are the same as FDD:


The combination of {NPSS in subframe #5 and NSSS in subframe #9} is a precluded option.


Subframes 0 and 5 will certainly be used





Agreements:


NPSS uses


The last 11 OFDM symbols in one subframe


As a working assumption: the lower 11 subcarriers in  one subframe


As a working assumption: the same cover code as in FDD


The design shall be decodable within the same signal processing effort as the design used for FDD


RAN1 intends to prefer NPSS designs for TDD with the smallest practicable impact to FDD NB-IoT UEs’ initial cell acquisition





Agreements:


The transmission of SIB1-NB is FFS between:


Always on the same NB-IoT carrier as NPSS/NSSS


Always on a different NB-IoT carrier as NPSS/NSSS


Can be on a different NB-IoT carrier as NPSS/NSSS


Other SIBs than SIB1-NB can be transmitted on non-anchor carrier





Agreements:


For DL: subcarrier spacing, CP length, symbol length, subframe length, and radio frame length are the same in TDD as FDD


At least NPSS, NSSS are transmitted on the same NB-IoT carrier.


Non-anchor carriers at least for unicast, paging and RACH are supported in NB-IoT TDD


 








