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1 Introduction

In RAN1#91, 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.
Agreement
· It is not supported that SIB1-NB is transmitted on both anchor and non-anchor carrier.

· At least for 16 repetitions for SIB1-NB transmission,

· Whether SIB1-NB transmitted on anchor carrier or non-anchor one is indicated by MIB-NB.

· When SIB1-NB is transmitted on non-anchor carrier, at least subframe #0 is used.

· FFS: SIB1-NB can be transmitted on anchor carrier other than subframe #0

· FFS: The frequency position of non-anchor carrier is indicated by [0, 1, or 2] bits in MIB-NB for in-band scenario.

· FFS: case for guard-band and stand-alone scenarios

FFS: Cases for 4 and 8 repetitions
Agreement
· The radio frame is determined by table-1

[image: image1.png]Table-1: Starting radio frame for SIB1-NB transmission on anchor carrier.
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2 SIB1-NB
2.1 Time location of SIB1-NB

In TDD NB-IoT, for SIB1-NB with 4 or 8 repetitions, the reuse factor can be the same as FDD and there is no interference issue if transmitted on anchor carrier. Moreover, the anchor carrier can be power boosted compared to non-anchor carrier, so it is preferred to not support SIB1-NB transmission on the non-anchor carrier for 4 or 8 repetitions to keep the same performance as FDD.
Proposal 1: SIB1-NB transmission on a non-anchor carrier is not supported for 4 and 8 repetitions in TDD NB-IoT.

Considering the inter-cell interference issue for 16 repetitions, it was agreed that whether SIB1-NB is transmitted on an anchor carrier or non-anchor one is indicated by MIB-NB. When it is transmitted on an anchor carrier, subframe #0 of odd frames can be used. If other subframes e.g. #4 or #8 can also be used, then collision or interference between MBSFN and SIB1-NB should be avoided because subframes #3, #4, #7, #8, and #9 can be configured for MBSFN in LTE TDD. Moreover, it requires at least one extra bit to indicate the subframe number. Considering this, we have the following proposal.
Proposal 2: SIB1-NB transmission on the anchor carrier in other than subframe #0 is not supported in TDD NB-IoT.
In this case, the starting radio frame on anchor carrier for 16 repetitions SIB1-NB can be as proposed in the Table in the agreements from RAN1#91. 
Proposal 3: For 16 repetitions, confirm that the starting radio frame for SIB1-NB satisfies nf mod 256 = 1. 

When SIB1-NB is configured on a non-anchor carrier, considering the non-anchor carrier’s power may be lower than anchor carrier for in-band and guard-band, denser transmission can improve SIB1-NB detection performance. For example, both SF0 and SF9 can be used for in-band and guard-band. SF0 and SF9 are adjacent which is beneficial for cross-subframe channel estimation. The starting radio frame on non-anchor carriers can be 0 or 1 according to (PCID mod 2), which reduces the inter-cell interference of SIB1-NB if configured to transmit on non-anchor carriers. An example is shown in figure 1.
Proposal 4: Starting radio frame for SIB1-NB transmitted on non-anchor carrier is determined by the following table:
	Number of NPDSCH repetitions
	PCID
	Starting radio frame number for NB-SIB1 repetitions (nf mod 256)

	16
	PCID mod 2 = 0
	0

	
	PCID mod 2 = 1
	1


Proposal 5: SIB-NB is transmitted on subframes #0 and #9 on non-anchor carriers for in-band and guard-band, and subframe #0 for standalone.
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Fig. 1 SIB1-NB transmission on non-anchor carrier for inband/guardband
2.2 Frequency location of SIB1-NB non-anchor carrier

2.2.1 In-band

For in-band scenario, it needs to co-exist with LTE TDD. The resource allocation in LTE is based on Resource Block Groups (RBGs) composed by a set of continuous RBs. In order not to break RBGs in legacy LTE resource allocations, a predefined non-anchor carrier location without indication is not preferred. Thus a predefined frequency spacing between anchor and non-anchor carrier can be considered, and whether the non-anchor carrier is located at higher frequency or lower frequency relative to the anchor PRB is indicated by MIB-NB. There are three options for in-band according to the FFS point in RAN1 #91 agreements.
· Option 1: Using 0 bits in MIB-NB, i.e. using the reserved states of schedulingInfoSIB1 to indicate whether the non-anchor carrier is located at higher or lower adjacent PRB relative to the anchor carrier.
In option 1, there are two candidate positions for the non-anchor carrier carrying SIB1-NB. The reserved states (i.e. value of schedulingInfoSIB1 is 12, 13, 14, 15) in table 3, based on Table 16.4.1.3-3 from TS 36.213, indicate the higher adjacent PRB and the legacy states (i.e. 2, 5, 8, 11) indicate the lower adjacent PRB. In this case, the corresponding TBS table for SIB1-NB needs to be changed as shown in table 4.
Table 3: Number of repetitions for SIB1-NB in TDD NB-IoT

	Value of schedulingInfoSIB1
	Number of NPDSCH repetitions
	PRB for SIB1-NB transmission

	0
	4
	N/A

	1
	8
	N/A

	2
	16
	Lower adjacent

	3
	4
	N/A

	4
	8
	N/A

	5
	16
	Lower adjacent

	6
	4
	N/A

	7
	8
	N/A

	8
	16
	Lower adjacent

	9
	4
	N/A

	10
	8
	N/A

	11
	16
	Lower adjacent

	12
	reserved16
	Higher adjacent

	13
	reserved 16
	Higher adjacent

	14
	reserved 16
	Higher adjacent

	15
	reserved 16
	Higher adjacent


Table 4: TBS table for NPDSCH carrying SIB1-NB
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	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	TBS
	208
	208
	208
	328
	328
	328
	440
	440
	440
	680
	680
	680
	reserved 208
	reserved 328
	reserved 440
	reserved 680


· Option 2: Using one spare bit in MIB-NB to indicate whether the non-anchor carrier is located at higher or lower adjacent PRB relative to anchor PRB.
· Option 3: Using one spare bit in MIB-NB to indicate whether the non-anchor carrier is located at higher or lower PRB relative to anchor carrier, and using another spare bit in MIB-NB to indicate the frequency spacing between anchor and non-anchor carrier.
In option 3, there are four candidate frequency locations for the non-anchor carrier which can provide most flexibility. However, if we use one spare bit in MIB-NB to indicate the frequency spacing and use the reserved states of schedulingInfoSIB1 to indicate whether the non-anchor carrier is located at higher or lower, then the four candidate frequency locations for the SIB1-NB non-anchor carrier can also be provided. 
From the perspective of using spare MIB-NB bits only when necessary, it is preferred to use the reserved states of schedulingInfoSIB1 to indicate whether the non-anchor carrier is located at higher or lower adjacent PRB relative to anchor carrier, so that the spare MIB-NB bits remain available for future. The operation mode of a non-anchor carrier should be the same as anchor carrier, i.e. in-band mode, because if guard-band non-anchor is allowed for in-band anchor, then indicating the location of the non-anchor is complicated since the UE does not know the PRB index of the anchor carrier nor the LTE system bandwidth.
Proposal 6: For in-band anchors, the frequency position of SIB1-NB non-anchor carrier is indicated by 0 bit in MIB-NB, i.e. a SIB1-NB non-anchor carrier is also in-band in the higher or lower adjacent PRB relative to the anchor carrier, indicated respectively by schedulingInfoSIB1 index: 2, 5, 8, 11 (lower) and 12, 13, 14, 15 (higher). The TBS for NPDSCH carrying SIB1-NB is changed to:
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2.2.2 Guard-band

For guard-band, NB-IoT anchor carriers are deployed within the guardband of a LTE system with 5 MHz, 10 MHz, 15 MHz or 20 MHz bandwidth. For 10 MHz, 15 MHz or 20 MHz, the non-anchor carrier carrying SIB1-NB can be placed in the adjacent PRB relative to anchor carrier due to the wide bandwidth of guard-band. Whether it is located at higher or lower frequency can be indicated. In this case, the operation mode of non-anchor carrier carrying SIB1-NB is also guard-band.
However for 5 MHz, the guard-band is only 250 kHz which is not enough to place two PRBs within a guard-band. In this case, there are three options:
· Option-1: The non-anchor carrier is placed within the LTE transmission bandwidth, so the operation mode of non-anchor carrier is inband. Since there is a gap between anchor PRB placed in the guard-band and the edge of LTE transmission bandwidth, in this case, the anchor PRB and non-anchor PRB carrying SIB1-NB cannot be adjacent. Thus, the frequency spacing between anchor and non-anchor carrier carrying SIB1-NB is not 180 kHz. 
· Option-2: The non-anchor carrier is placed within the opposite guard-band, so the operation mode of non-anchor carrier is guard-band. Similarly, the anchor PRB and non-anchor PRB carrying SIB1-NB can’t be adjacent. So the frequency spacing between anchor and non-anchor carrier carrying SIB1-NB is not 180 kHz. 
· Option-3: SIB1-NB transmitted on non-anchor carrier is not supported for guard-band scenario with 5-MHz TDD LTE system.
In option-3, SIB1-NB can only be transmitted on the anchor carrier so its performance would be impacted due to the inter-cell interference. In option-2, there is no negative impact to the LTE and the frequency spacing may need to contain the LTE system bandwidth. In option-1, the deployment flexibility may be better and some more information e.g. CRS port needs to be indicated. No matter whether option-1 or option-2 is adopted, the anchor PRB and non-anchor PRB carrying SIB1-NB are not adjacent. However, for 10 MHz, 15 MHz or 20 MHz LTE system bandwidth, the anchor PRB and non-anchor PRB carrying SIB1-NB can be adjacent. So for guard-band, two frequency spacings are needed and it should be indicated by one spare bit in “Guardband-NB-r13”. Whether it is located at higher or lower frequency can be indicated by another spare bit in “Guardband-NB-r13” or in the same way as in-band scenario, i.e. in schedulingInfoSIB1.
Proposal 7: For guard-band anchors, a SIB1-NB non-anchor carrier can be guard-band or in-band, with the frequency spacing indicated by one spare bit in Guardband-NB-r13. TBS, and whether the non-anchor carrier is located at a higher or lower frequency is indicated in the same was as for in-band, i.e. by schedulingInfoSIB1.
2.2.3 Standalone

For standalone scenario, whether the non-anchor carrier carrying SIB1-NB is located at higher or lower adjacent PRB relative anchor carrier can also be indicated in the same way as in-band scenario. In this case, the operation mode of non-anchor carrier carrying SIB1-NB is standalone.
Proposal 8: For standalone anchors, a SIB1-NB non-anchor is also standalone. TBS, and whether it is in the higher or lower adjacent PRB relative to the anchor carrier is indicated by schedulingInfoSIB1 i.e. the same way as in-band.

3 NRS

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 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 9: 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 in the first slot. 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 3rd and 4th symbols. For special subframe configuration #0 and #5, NRS cannot be transmitted due to only 3 OFDM symbols in DwPTS. And for inband mode, the first 2 OFDM symbols occupied by LTE PDCCH can not be used for TDD NB-IoT UEs. While for other special subframe configurations with 11 or 12 symbols, NRS can be mapped in the 3rd and 4th symbols of both slots to enhance the channel estimation performance.
Proposal 10: NRS sequence and antenna ports definition are the same as FDD.
Proposal 11: 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 3rd, 4th symbols of the first slot. 

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

In 3rd, 4th 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. The corresponding observations and proposals are listed below.
Proposal 1: SIB1-NB transmission on a non-anchor carrier is not supported for 4 and 8 repetitions in TDD NB-IoT.

Proposal 2: SIB1-NB transmission on the anchor carrier in other than subframe #0 is not supported in TDD NB-IoT.

Proposal 3: For 16 repetitions, confirm that the starting radio frame for SIB1-NB satisfies nf mod 256 = 1. 
Proposal 4: Starting radio frame for SIB1-NB transmitted on non-anchor carrier is determined by the following table:

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

	16
	PCID mod 2 = 0
	0

	
	PCID mod 2 = 1
	1


Proposal 5: SIB-NB is transmitted on subframes #0 and #9 on non-anchor carriers for in-band and guard-band, and subframe #0 for standalone.

Proposal 6: For in-band anchors, the frequency position of SIB1-NB non-anchor carrier is indicated by 0 bit in MIB-NB, i.e. a SIB1-NB non-anchor carrier is also in-band in the higher or lower adjacent PRB relative to the anchor carrier, indicated respectively by schedulingInfoSIB1 index: 2, 5, 8, 11 (lower) and 12, 13, 14, 15 (higher). The TBS for NPDSCH carrying SIB1-NB is changed to:
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Proposal 7: For guard-band anchors, a SIB1-NB non-anchor carrier can be guard-band or in-band, with the frequency spacing indicated by one spare bit in Guardband-NB-r13. TBS, and whether the non-anchor carrier is located at a higher or lower frequency is indicated in the same was as for in-band, i.e. by schedulingInfoSIB1.
Proposal 8: For standalone anchors, a SIB1-NB non-anchor is also standalone. TBS, and whether it is in the higher or lower adjacent PRB relative to the anchor carrier is indicated by schedulingInfoSIB1 i.e. the same way as in-band.

Proposal 9: In normal subframes, NRS in TDD is the same as FDD.
Proposal 10: NRS sequence and antenna ports definition are the same as FDD.

Proposal 11: 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 3rd, 4th symbols of the first slot. 

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

In 3rd, 4th symbols of both slots.

· Special subframe configurations #0, #5: 


There is no NRS transmission.
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