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[bookmark: _Ref349588338]1. Introduction
On discussion of downlink common channel/signal transmission in TDD NB-IoT, the following agreements are made in 3GPP TSG RAN1 Meeting #90bis as, 
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.

This contribution is to discuss the transmission of downlink common channels/signals, including NPSS/NSSS/NPBCH/SIB1-NB, for TDD NB-IoT.
2. Berief Summary on TDD NPSS/NSSS/NPBCH
For TDD NB-IoT, the transmission of NPSS, NSSS and NPBCH are determined in the latest meeting. First of all, NPSS, NSSS and NPBCH are transmitted on the same carrier, i.e., anchor carrier. As shown in Figure 1, NPSS is transmitted on subframe #5 of every radio frame; NSSS is transmitted on subframe #0 of every even-numbered radio frame, and NPBCH is transmitted on subframe #9 of every radio frame. This means, NPSS, NSSS and NPBCH occupy 2.5 downlink subframes in every 10 ms, on anchor carrier. These DL common channel/signals occupy most of the DL resource, and leave only a few DL subframes available for other DL transmissions, especially when the UL/DL configuration has limited DL resource.


Figure 1
Fortunately, as agreed in the latest meeting, configuration #0 and configuration #6 are excluded for TDD NB-IoT. With other UL/DL configurations, the number of DL subframes in each radio frame is at least >3, which is possible to support other DL transmission on the anchor carrier, e.g., SIB1-NB, unicast transmission, and etc..
Table 1: Uplink-downlink configurations
	Uplink-downlink 
configuration
	Subframe number

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


3. Discussion on SIB1-NB transmission
According to the latest agreements on TDD SIB1-NB transmission, it should at least support SIB1-NB transmitted on anchor carrier. Besides, it also supports the transmission of SIB1-NB on non-anchor carrier. There are two alternative solutions for SIB1-NB transmission on non-anchor carrier, as follows,
· transmit SIB1-NB on anchor carrier or non-anchor carrier
· transmit SIB1-NB on anchor carrier or both anchor and non-anchor carriers in a frequency hopping manner
In the following, we will discuss those solutions and analyse pros and cons for each of them.
Alternative1: Transmit SIB1-NB on anchor carrier or non-anchor carrier
To transmit SIB1-NB on a non-anchor carrier can off load the DL traffic on the anchor carrier. It provides flexibility for eNB to balance the traffic on anchor carrier and non-anchor carrier. For example, eNB can configure the SIB1-NB transmission on a non-anchor carrier, if UL/DL configuration #1 is applied; otherwise, eNB can configure the SIB1-NB transmission still on anchor carrier. Figure 2 shows an example of configured SIB1-NB transmission on anchor carrier or non-anchor carrier.


Figure 2
When SIB1-NB is transmitted on anchor carrier, subframe #0 in every odd frame can be used, as agreed in last meeting. It could fit into the empty subframe #0 not used by NSSS. Besides, the NRS on the neighbouring subframe #9 can be used for cross subframe channel estimation, to improve the detection performance of SIB1-NB. 
When SIB1-NB is transmitted on non-anchor carrier, subframe #0, #5 and #9 can be considered as transmission subframe, which are DL subframes with any of the supported UL/DL configurations. By adopting subframe #0 or #9, it benefits from cross subframe channel estimation, but may lead to longer latency to acquire SIB1-NB. That is because UE needs at least 1ms for frequency retuning after receiving MIB-NB. Even though SIB1-NB can be transmitted on the same subframe #9 with MIB-NB or the subframe #0 right after the subframe #9 of MIB-NB, UE has to wait for another 20ms to receive SIB1-NB. As shown in Table 1, the average latency for SIB1-NB acquisition is much longer than FDD if subframe #0 or #9 is used. Otherwise, subframe #5 can be considered, which provides a smaller acquisition latency. However, in this case the cross subframe channel estimation cannot be applied since the neighbouring subframe may not be DL subframe. 
	subframe
	Average latency for SIB1-NB acquisition 
 
	Cross subframe channel estimation

	FDD
	9ms
	——

	Sf #0, non-anchor
	16ms
	Yes

	Sf #5, non-anchor
	11ms
	No

	Sf #9, non-anchor
	15ms
	Yes


Table 1
Observation 1: If SIB1-NB is transmitted on non-anchor carrier, it is impossible to have small latency for  SIB1-NB acquisition and cross subframe channel estimation at the same time. 
To ensure the performance of SIB1-NB, we consider to transmit SIB1-NB on both anchor and non-anchor carriers in a frequency hopping manner, as Alternative 3. 
Alternative2: Transmit SIB1-NB on anchor carrier or both anchor and non-anchor carriers
Figure 3 gives an example when SIB1-NB is transmitted on both anchor and non-anchor carriers, which assumes the most intense transmission density, i.e., 1 subframe for SIB1-NB in every 20ms. With additional carrier to off load the traffic, the overhead of SIB1-NB with 16 repetition on anchor carrier is one subframe in every 40ms. Clearly, this solution also benefits from the DL load balancing between anchor carrier and non-anchor. When the DL traffic load is heavy on anchor carrier, eNB could configure the SIB1-NB transmission on both anchor and non-anchor carriers in a frequency hopping manner.


Figure 3
The transmission subframe of SIB 1-NB on non-anchor carrier can choose from subframe #0, #5 and #9, which are downlink subframes with any of supported UL/DL configurations. In Table 2, we show the comparison of different options for transmission subframe for SIB1-NB on non-anchor carrier, with the metric of average latency for SIB1-NB acquisition and the support of cross subframe channel estimation. The results are similar to Table 1, with much smaller acquisition latency. The acquisition latency of SIB1-NB transmitted on both anchor and non-anchor carriers is slightly elevated over that of FDD, or even smaller with subframe #5. 
	subframe
	Average latency for SIB1-NB acquisition 
 
	Cross subframe channel estimation

	FDD
	9ms
	——

	sf #0 on anchor &
sf #0 on non-anchor (FH)
	11ms
	Yes

	sf #0 on anchor &
sf #5 on non-anchor (FH)
	8.5ms
	No

	sf #0 on anchor &
sf #9 on non-anchor (FH)
	10.75ms
	Yes


Table 2
Observation 2: The transmission of SIB1-NB on both anchor carrier and non-anchor carrier has a comparable acquisition latency, and benefits from cross subframe channel estimation, if transmission subframe on non-anchor carrier is #0 or #9.
Proposal 1: Support to transmit SIB1-NB on anchor carrier or both anchor and non-anchor carrier. Subframe #0 in odd frame is used for anchor carrier, and either subframe #0 or #9 can be considered for non-anchor carrier.
The configuration for the carriers of SIB1-NB should be carried with MIB-NB, which at least needs 1 bit to indicate the transmission on anchor carrier, or frequency hopping on both anchor and non-anchor carriers. To save the indication bits, the location of non-anchor carrier for SIB1-NB can be predetermined. One simple way is to use adjacent carrier to the anchor carrier as the non-anchor carrier for SIB1-NB, which is valid at least for in-band and stand-alone operations. To provide flexibility for deployment, e.g., to avoid the anchor carrier and non-anchor carrier belonging to two different LTE RBGs for in-band, another 1 bit can be introduced in MIB to indicate whether the left or right neighboring carrier to the anchor carrier is adopted. The indication field in MIB-NB can be summarized in Table 3. 
	Indication field for the carriers of SIB1-NB
	Carrier used for SIB1-NB transmission

	00
	on anchor carrier

	01
	on both anchor and non-anchor carrier in a frequency hopping manner, where the non-anchor carrier is the adjacent carrier left to the anchor carrier

	10
	on both anchor and non-anchor carrier in a frequency hopping manner, where the non-anchor carrier is the adjacent carrier right to the anchor carrier


Table 3
Proposal 2: For in-band and standalone mode, the carriers for the SIB1-NB transmission is indication by 
· 2 bits in MIB for the transmission of SIB1-NB on anchor carrier, or on both anchor and non-anchor carrier, where the non-anchor carrier is the adjacent carrier either left to the anchor carrier or right to the anchor carrier.
For guard-band operation, the anchor carrier is in the guard band of LTE bandwidth. It prefers to configure a non-anchor carrier also in the LTE guard band. Otherwise, it will take extra bits to indicate if the non-anchor carrier is in-band or not to take care of the LTE CRS positions. Unfortunately, the adjacent carrier to the anchor carrier in guard band is not always valid, e.g., when LTE bandwidth is 5MHz. As shown in Table 4, there is only one single NB-IoT carrier in each side of LTE guard band, when the system bandwidth is 5MHz. If guard-band mode reuses the same carrier indication in Table 3, the consequence will be that TDD NB-IoT cannot be deployed in the guard band of 5MHz LTE system.
	LTE band
	Guard bandwidth (one side) [kHz]
	Num. of NB-IoT carriers for DL 

	1.4M
	160
	——

	3M
	150
	——

	5M
	250
	1 for each side

	10M
	500
	2 for each side

	15M
	750
	3 for each side

	20M
	1000
	4 for each side


Table 4
Observation 3: A different indication for the SIB1-NB carriers may be needed for guard-band mode, to support the NB-IoT deployment in the gurad band of 5MHz LTE system. 
For 5MHz, there is one carrier for each side of guard band according to the expression of DL centre frequency for NB-IoT carrier [3]. If one carrier is chosen as anchor carrier, the other can be the non-anchor carrier for SIB1-NB transmission. To differentiate the anchor carrier in which side of LTE guard band, the indication field of SIB1-NB carrier in Table 3 for in-band and stand-alone can be reused. For example, for guard-band mode, “00” in Table 3 indicates the frequency hopping case, where the non-anchor carrier is to the left of anchor carrier, with a frequency offset. The frequency offset from non-anchor carrier to anchor carrier is determined by the LTE bandwidth, which needs an indication. 
For other LTE bandwidth, we also can pair the carriers from different sides of LTE guard-band as the anchor and non-anchor carriers for SIB1-NB. Then the same method can be applied. It will need 2 bits in MIB-NB to indicate the frequency offset for 5MHz, 10MHz, 15MHz and 20MHz LTE guard band. In current specification, there are 3 spared bits in “operationModeInfo-r13” of MIB-NB if it is guard-band. The spared bits can be used for this purpose.
In a word, for guard-band operation, the indication field in Table 3 is reused with a different interpretation, and extra 2 bits are needed in MIB-NB “operationModeInfo-r13” to indicate the frequency offset from non-anchor to anchor carrier determined by LTE bandwidth for guard-band mode.


Figure 4
Proposal 3: For guard-band operation mode, the carriers for the SIB1-NB transmission is indication by
· 2 bits in MIB-NB for the transmission of SIB1-NB on {anchor carrier, both anchor and non-anchor carrier to the left of anchor carrier with a configured frequency offset, both anchor and non-anchor carrier on the right of anchor carrier with a configured frequency offset}
· 2 bits in MIB-NB for the frequency offset for 5MHz, 10MHz, 15MHz and 20MHz LTE guard band.

4. Conclusion
Based analysis above, we have the following observations, 
Observation 1: If SIB1-NB is transmitted on non-anchor carrier, it is impossible to have small latency for  SIB1-NB acquisition and cross subframe channel estimation at the same time. 
Observation 2: The transmission of SIB1-NB on both anchor carrier and non-anchor carrier has a comparable acquisition latency, and benefits from cross subframe channel estimation, if transmission subframe on non-anchor carrier is #0 or #9.
Observation 3: A different indication for the SIB1-NB carriers may be needed for guard-band mode, to support the NB-IoT deployment in the gurad band of 5MHz LTE system. 
Then we propose,
Proposal 1: Support to transmit SIB1-NB on anchor carrier or both anchor and non-anchor carrier. Subframe #0 in odd frame is used for anchor carrier, and either subframe #0 or #9 can be considered for non-anchor carrier.
Proposal 2: For in-band and standalone mode, the carriers for the SIB1-NB transmission is indication by 
· 2 bits in MIB for the transmission of SIB1-NB on anchor carrier, or on both anchor and non-anchor carrier, where the non-anchor carrier is the adjacent carrier either left to the anchor carrier or right to the anchor carrier.
Proposal 3: For guard-band operation mode, the carriers for the SIB1-NB transmission is indication by
· 2 bits in MIB-NB for the transmission of SIB1-NB on {anchor carrier, both anchor and non-anchor carrier to the left of anchor carrier with a configured frequency offset, both anchor and non-anchor carrier on the right of anchor carrier with a configured frequency offset}
· 2 bits in MIB-NB for the frequency offset for 5MHz, 10MHz, 15MHz and 20MHz LTE guard band.
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