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1 Introduction

In RAN1#90bis, the agreements for downlink TDD NB-IoT are shown below [1]. Based on these agreements, we further analyze the detailed SIB1-NB transmission and NRS mapping in this paper.
Agreements: 

· TDD UL:DL configuration 0 is not supported in TDD NB-IoT in Rel-15

Working assumption:

· TDD UL:DL configuration 6 is not supported in TDD NB-IoT in Rel-15
Agreements

· MIB-NB is transmitted on the same NB-IoT carrier as NPSS/NSSS.
· The single NB-IoT carrier for all the other SIBs than SIB1-NB, when not the anchor carrier, is:

· In a PRB indicated by SIB1-NB with exact signaling design left to RAN2 including whether to signal anything in case these other SIBs are on the anchor carrier

Agreements:

· 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.

Agreements:

· Confirm the working assumptions from RAN1#90, i.e. NPSS uses the lower 11 subcarriers in one subframe and the same cover code for TDD as FDD.

· The NPSS and NSSS sequences for TDD are the same as FDD.

· TDD and FDD NB-IoT are distinguished by the relative location of NPSS and NSSS.

2 SIB1-NB transmission in TDD NB-IoT
In FDD, SIB1-NB transmission occurs in subframe 4 of every other radio frame in 16 continuous radio frames with a period of 2560 ms on the anchor carrier. The number of repetitions are 4, 8 and 16 which is configured by MIB-NB according to table 1. The starting radio frame for the first transmission of SIB1-NB is determined by cell ID and number of repetitions according to table 2. It is clear that SIB1-NB is only transmitted on even-numbered radio frames when the number of repetitions are 4 or 8. For the repetition of 16, it is also the case when
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Table 1: Number of repetitions for SIB1-NB in FDD
	Value of schedulingInfoSIB1
	Number of NPDSCH repetitions

	0
	4

	1
	8

	2
	16

	3
	4

	4
	8

	5
	16

	6
	4

	7
	8

	8
	16

	9
	4

	10
	8

	11
	16

	12-15
	Reserved


Table 2: Starting radio frame for the first transmission of SIB1-NB in FDD
	Number of NPDSCH repetitions
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	Starting radio frame number for NB-SIB1 repetitions (nf mod 256)
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However, in TDD, it is supported that SIB1-NB is transmitted in at least subframe #0 in odd-numbered radio frames on the anchor carrier, because subframe #0 of even-numbered radio frames is occupied by NSSS. So for SIB1-NB in TDD, the starting radio frame number in table 2 should be changed at least for repetition of 4 and 8. The simplest way is to change it to table 3. Moreover, considering that the anchor carrier can be power boosted compared to non-anchor carrier, so it is preferred to transmit SIB1-NB always on the anchor carrier for repetition of 4 or 8 to keep the same performance as FDD. 
Proposal 1: The number of repetitions of SIB1-NB in TDD is indicated by MIB-NB.

Proposal 2: SIB-NB with 4 and 8 repetitions is always transmitted in subframe #0 on the anchor carrier, starting in radio frames according to the following table, for 4 and 8 repetitions:
Table 3: Starting radio frame for the first transmission of SIB1-NB in TDD for repetition of 4 or 8
	Number of NPDSCH repetitions
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	Starting radio frame number for NB-SIB1 repetitions (nf mod 256)
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For 16 repetitions, if SIB1-NB can only be transmitted in subframe #0 of odd radio frames on the anchor carrier, then the interference between different cells may be significantly increased. So one solution is to introduce one or two extra bits in MIB-NB to indicate the SIB1-NB transmission location on the anchor carrier. For example, one extra bit if introduced can be used to indicate whether SIB1-NB is transmitted in subframe #0 or subframe #6. However, it cannot be used for UL-DLconfiguration #1, #2, or #6 because subframe #6 is a special subframe in those configurations. The detailed UL-DL configurations are shown in table 4. If two bits are used to specify one subframe among {SF0, SF4, SF6} for SIB1-NB transmission, then the flexibility of MBSFN configurations in UL-DLconfiguration #1 may be impacted much, because  The only candidate subframe for MBSFN is SF4 in UL-DL configuration #1. If SIB1-NB is also configured to be sent in SF4, then the collision or interference between MBSFN and SIB1-NB should be avoided. Note that only subframes #3, #4, #7, #8, and #9 can be configured for MBSFN in LTE. 
Table 4: LTE UL-DLconfigurations

	UL-DL Configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


Another way is to transmit SIB1-NB on a non-anchor carrier which is also agreed in RAN1 #90bis meeting. For example, one bit is introduced in MIB-NB to indicate whether all 16 SIB1-NB repetitions areon the anchor carrier or the non-anchor carrier. However, for in-band and guard-band mode, the power of non-anchor carriers is lower than the anchor carrier, so the detection performance of SIB1-NB may be decreased if all 16 SIB1-NB repetitions are transmitted on the non-anchor carrier.
Denser SIB1-NB transmission on non-anchor carrier could be considered to improve SIB1-NB detection performance. For example, both SF0 and SF5 can be used for SIB1-NB transmission on non-anchor carriers. For standalone mode, it is unnecessary to increase the transmission density of SIB1-NB on non-anchor carriers due to the same power between anchor and non-anchor carriers. Thus, only SF0 need be used for SIB1-NB on non-anchor carrier for standalone mode.
Since we should be conservative in the use of spare bits in MIB-NB, it is preferred to predefine the non-anchor carrier locations without indication. 
Proposal 3: When the number of SIB1-NB repetitions is 16, SIB1-NB can be configured to transmit on either a single anchor carrier or a single non-anchor carrier:
· On an anchor carrier, all 16 repetitions are sent in SF0 for in-band, guard-band and standalone.
· On a non-anchor carrier, the 16 repetitions use SF0 and SF5 for in-band and guard-band are used. For standalone, all 16 repetitions are sent in SF0 is used. 
Table 5: Anchor and non-anchor carrier deployment combinations

	
	Anchor Carrier

	
	
	In-band
	Guard-band
	Standalone

	Non-Anchor Carrier
	In-band
	Valid (Note 1)
	Valid (Note 1)
	Invalid

	
	Guard-band
	Valid (Note 1)
	Valid (Note 1)
	Invalid

	
	Standalone
	Invalid (until Rel-15)
	Invalid (until Rel-15)
	Valid (Note 2)


NOTE 1:
Both carriers associated with the same LTE cell.

NOTE 2:
Total frequency span to not exceed 20MHz and both anchor and non-anchor carriers synchronised.
The supported carrier deployment combinations for FDD between anchor and non-anchor are shown in Table 5. It can be seen that the operation mode of non-anchor carrier can be different with anchor carrier. Thus, when SIB1-NB with 16 repetitions is configured to transmit on a single non-anchor carrier, then it is also possible that the operation mode of non-anchor carrier carrying SIB1-NB is different with anchor carrier. For example, the anchor carrier is inband while the non-anchor carrier carrying SIB1-NB is guardband. In this case, some configurations e.g. LTE CRS would be different between anchor and non-anchor carrier. This would have an impact on SIB1-NB detection performance if 16 repetitions SIB1-NB are configured to transmit on non-anchor carrier. 
Proposal 4: In case the operation mode of anchor carrier is different to the non-anchor carrier, what additional information should be provided to the UE to receive SIB1-NB on the non-anchor carrier needs to be considered. 

3 NRS in TDD NB-IoT
In FDD, NRS are transmitted on one or two antenna ports and mapped in the last two OFDM symbols of a slot as shown in figure 1. 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.1 NRS mapping in FDD

Proposal 5: In normal subframes, NRS in TDD is the same as FDD.
In special subframes, the NRS sequence, and antenna ports can be the same as FDD. For special subframe configurations #1, #2, #6 and #7 with 9 or 10 symbols in DwPTS part, it can reuse FDD NRS mapping pattern. However, for special subframe configurations #9 and #10, there are only 6 OFDM symbols in DwPTS which means that the NRS in last symbol of the first slot should be punctured if reusing the FDD NRS mapping pattern. So in this case NRS can be mapped in the 2nd and 3rd symbols. For special subframe configuration #0 and #5, NRS cannot be transmitted due to only 3 OFDM symbols in DwPTS. While for other special subframe configurations with 11 or 12 symbols, NRS can be mapped in the 2nd and 3rd symbol of both slots to enhance the channel estimation performance.
Proposal 6: NRS sequence and antenna ports definition are the same as FDD.
Proposal 7: NRS are mapped in the special subframe as follows:
· Special subframe configurations #1, #2, #6, #7:
In 6th, 7th symbols of the first slot.
· Special subframe configurations #9, #10: 

In 2nd, 3rd symbols of the first slot. 

· Special subframe configurations #3, #4, #8: 

In 2nd, 3rd symbols of both slots.

· Special subframe configurations #0, #5: 


There is no NRS transmission.
4 Conclusions
In this contribution, we give some views about SIB1-NB transmission for TDD NB-IoT and analyze the NRS in TDD NB-IoT.
Proposal 1: The number of repetitions of SIB1-NB in TDD is indicated by MIB-NB.

Proposal 2: SIB-NB with 4 and 8 repetitions is always transmitted in subframe #0 on the anchor carrier, starting in radio frames according to the following table, for 4 and 8 repetitions:
Table 3: Starting radio frame for the first transmission of SIB1-NB in TDD for repetition of 4 or 8

	Number of NPDSCH repetitions
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	Starting radio frame number for NB-SIB1 repetitions (nf mod 256)

	4
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Proposal 3: When the number of SIB1-NB repetitions is 16, SIB1-NB can be configured to transmit on either a single anchor carrier or a single non-anchor carrier:

· On an anchor carrier, all 16 repetitions are sent in SF0 for in-band, guard-band and standalone.

· On a non-anchor carrier, the 16 repetitions use SF0 and SF5 for in-band and guard-band are used. For standalone, all 16 repetitions are sent in SF0 is used.

Proposal 4: In case the operation mode of anchor carrier is different to the non-anchor carrier, what additional information should be provided to the UE to receive SIB1-NB on the non-anchor carrier needs to be considered.

Proposal 5: In normal subframes, NRS in TDD is the same as FDD.
Proposal 6: NRS sequence and antenna ports definition are the same as FDD.

Proposal 7: NRS are mapped in the special subframe as follows:

· Special subframe configurations #1, #2, #6, #7:
In 6th, 7th symbols of the first slot.

· Special subframe configurations #9, #10: 

In 2nd, 3rd symbols of the first slot. 

· Special subframe configurations #3, #4, #8: 

In 2nd, 3rd symbols of both slots.

· Special subframe configurations #0, #5: 


There is no NRS transmission.
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