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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 #91 as, 
Agreement
· It is not supported that SIB1-NB is transmitted on both anchor and non-anchor carrier.
· At least for 16 repetioins 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 gurad-band and stand-alone scenarios
· FFS: Cases for 4 and 8 repetitions

This contribution is to discuss the transmission of downlink common channels/signals, mainly focusing on the transmission of SIB1-NB for TDD NB-IoT.
2. Discussion on SIB1-NB transmission
According to the latest agreements on TDD SIB1-NB transmission, SIB1-NB can be transmitted either on anchor carrier or on a non-anchor carrier, according to the indication in MIB-NB. 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 1 shows an example of configured SIB1-NB transmission on anchor carrier or non-anchor carrier.


Figure 1
When SIB1-NB is transmitted on anchor carrier, subframe #0 in every odd frame is used, as agreed in RAN1 meeting #90bis. 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. 
Although RAN1 considers another subframe for SIB1-NB on anchor carrier, it may be unnecessary, which can be explained as follows. There could be two reasons to introduce another subframe for SIB1-NB: one is for increasing the density to extend the coverage; the other is for transmitting SIB1-NB on the radio frame on which subframe #0 is unavailable, to reduce inter-cell interference. When transmitting SIB1-NB on anchor carrier, the coverage can be the same as legacy. There is no need to increase the SIB1-NB density for further enhancement on coverage. On the other hand, the transmission of SIB1-NB can be configured on a non-anchor carrier, which can effectively separate the radio frames for different cells. The necessity is unclear to support a subframe other than subframe #0 for SIB1-NB transmission on anchor carrier. Therefore, we propose
[bookmark: OLE_LINK22]Proposal #1: Only support subframe #0 for SIB1-NB transmission on anchor carrier.
When SIB1-NB is transmitted on non-anchor carrier, coverage can be a problem due to the limited power boosting on non-anchor carrier. To ensure the same coverage, it suggests to increase the density of SIB1-NB, when it is on non-anchor carrier, e.g., using one subframe per radio frame to transmit SIB1-NB. To avoid inter-cell interference for 16 repetitions of SIB1-NB, it still prefers that SIB1-NB can be transmitted on even or odd radio frames for different cells. Then, it needs two subframes in the same radio frame for SIB1-NB to achieve the increased density.
It has been agreed that at least subframe #0 will be used for SIB1-NB on non-anchor carrier.  Other than subframe #0, subframe #5 and #9 can be considered as another transmission subframe, which is DL subframe with any of the supported UL/DL configurations. By adopting subframe #0 and #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 more than 10ms to receive SIB1-NB. As shown in Table 1, the average latency for SIB1-NB acquisition is longer than FDD if subframe #0 and #9 is used. Otherwise, subframe #0 and #5 can be considered, which provide smaller acquisition latency. However, in this case cross subframe channel estimation cannot be applied to subframe #5, since the neighbouring subframe may not be DL subframe. Compared with the solution of using subframe #0 and #5, using subframe #0 and #9 has better detection performance, with slight degradation on acquisition time. Therefore, we propose
Proposal #2: Support higher density of SIB 1-NB on non-anchor carrier, using both subframe #0 and subframe #9 on the same radio frame.
	subframe
	Average latency for SIB1-NB acquisition 
 
	Cross subframe channel estimation

	FDD
	9ms
	——

	Sf #0 & #5, non-anchor
	8.5ms
	No

	Sf #0 & #9, non-anchor
	10.5ms
	Yes


Table 1
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 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. For in-band mode, pre-defined non-anchor location may belong to different RBGs for some PRB as anchor carrier. For the other cases, where anchor carrier and pre-defined non-anchor carrier are not in the sam RBG, eNB can choose to transmit SIB1-NB on anchor carrier only.  For in-band operation, the adjacent carrier to anchor carrier should be pre-defined to one PRB next to the anchor PRB, with an offset of 180kHz on center frequency. For standalone operation, the center frequency of adjacent carrier doesn’t have to follow in-band, which can be the carrier with an offset of 200kHz on center frequency. 
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]Proposal #3: For in-band and standalone mode, the frequency position of the SIB1-NB transmission is pre-defined (i.e., 0 bit ). The offset from center frequency of adjacent carrier to the anchor carrier is either 180kHz or 200kHz for in-band operation and standalone operation, respectively.
Besides in-band and standalone, TDD NB-IoT is possible to be deployed in LTE guard band. Due to out-band emission requirement, NB-IoT carrier deployment is only for 5MHz, 10MHz, 15MHz, and 20MHz bandwidth [2]. 
NB-IoT carriers, including anchor carrier and non-anchor carrier, need to be placed on LTE subcarrier grid, to avoid inter-subcarrier interference. The centre frequency of anchor carrier should further satisfy 100kHz channel raster with 2.5kHz or 7.5kHz offset [2], otherwise UE would not be able to find the carrier. General speaking, it is beneficial to deploy NB-IoT as close to the LTE in-band as possible, to reduce adjacent channel interference and to simplify implementation for network equipment, etc. The available frequency bins for anchor carriers that satisfy those constraints are listed in Table 3. Anchor carrier is either 0kHz or 45kHz shift from the edge of NB-IoT carrier to LTE in-band edge, depending on system bandwidth. If the bandwidth of guard-band is large enough to support multiple carrier deployment, the carriers other than anchor carrier can serve as non-anchor carriers. The non-anchor carriers don’t have to meet the channel raster and frequency offset requirement for anchor carrier. 
For TDD NB-IoT deployment, when the anchor carrier is in LTE guard-band, the indication of non-anchor carrier for SIB1-NB cannot directly use the same design for in-band and standalone, i.e., using left or right adjacent carrier to anchor carrier. The adjacent carrier to the anchor carrier may not exist, and may not have same operation mode with anchor carrier. For example, when system bandwidth is 5MHz, it is only possible to place one carrier at each side of LTE guard-band. In this case, the non-anchor carrier is either an in-band PRB or a guard-band carrier at the other side.. The adjacent carrier is invalid, and the in-band PRB closet to anchor carrier is the adjacent carrier with 45kHz offset, as shown in Table 3. A different indication for SIB1-NB carriers will be needed for guard-band operation. 
	LTE bandwidth 
	5M
	10M
	15M
	20M

	Bandwidth of guard band at each side [kHz]
	250
	500
	750
	1000

	anchor carrier frequency [kHz]
	Fc*+2392.5 / Fc-2392.5
	Fc+4597.5 / Fc-4597.5
	Fc+6892.5 / Fc-6892.5
	Fc+9097.5 / Fc-9097.5

	Absolute offset from NB edge to LTE in-band edge
	45k
	0k
	45k
	0k

	Number of DL carriers (each side of guard-band) 
	1 anchor only
	2 (1 anchor + 1 non-anchor)
	3 (1 anchor + 2 non-anchor)
	5 (1 anchor + 4 non-anchor)


Table 3
*: Fc is the centre frequency of LTE
Observation 1: Adjacent carrier to anchor carrier may not be available to serve as the non-anchor carrier for SIB1-NB. A different indication for the SIB1-NB carriers may be needed for guard-band mode. 
For guard-band operation, it suggests to inherit the design for other operations as much as possible to reduce the specification effort. It prefers to use adjacent carrier for SIB1-NB non-anchor transmission even with guard-band operation, if such an adjacent carrier is available. If not, 1 bit could be introduced to further indicate an offset of 45kHz to the adjacent carrier. Specifically, 1 bit could indicate two states that the offset is either 45kHz or 0kHz. 45kHz offset is used for configuring an in-band PRB for SIB1-NB when system bandwidth is 5MHz or 15MHz;  otherwise, 0kHz is used. 
Since the non-anchor carrier for SIB1-NB could have a different operation mode. Another 1 bit will be needed to indicate whether the non-anchor carrier SIB1-NB works with in-band operation or not. If the non-anchor carrier for SIB1-NB is indicated as in-band, the first 3 OFDM symbols and REs for 4-port LTE CRS in each downlink subframe will not be used for rate matching of SIB1-NB. 
Base on above analysis, it needs 2 bits for two more indications of SIB1-NB carrier under guard-band operation. 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 2 is reused, and extra 2 bits are needed in MIB-NB “operationModeInfo-r13” to indicate the frequency offset to the adjacent carrier, and the operation mode of non-anchor carrier for SIB1-NB.
Proposal #4: For guard-band operation mode, the carrier for the SIB1-NB transmission is indication by
· 2 bits in MIB-NB for the carrier of SIB1-NB on {anchor carrier, left adjacent carrier to anchor carrier, right adjacent carrier to anchor carrier};
· 1 bit in MIB-NB for a frequency offset of 0kHz or 45kHz on the configured adjacent carrier;
· 1 bit in MIB-NB for the operation mode on non-anchor carrier, in-band or not in-band.
4. Conclusion
Based analysis above, we have the following observation and proposals,
Observation 1: Adjacent carrier to anchor carrier may not be available to serve as the non-anchor carrier for SIB1-NB. A different indication for the SIB1-NB carriers may be needed for guard-band mode. 
Proposal #1: Only support subframe #0 for SIB1-NB transmission on anchor carrier.
Proposal #2: Support higher density of SIB 1-NB on non-anchor carrier, using both subframe #0 and subframe #9 on the same radio frame.
Proposal #3: For in-band and standalone mode, the frequency position of the SIB1-NB transmission is pre-defined (i.e., 0 bit ). The offset from center frequency of adjacent carrier to the anchor carrier is either 180kHz or 200kHz for in-band operation and standalone operation, respectively.
Proposal #4: For guard-band operation mode, the carrier for the SIB1-NB transmission is indication by
· 2 bits in MIB-NB for the carrier of SIB1-NB on {anchor carrier, left adjacent carrier to anchor carrier, right adjacent carrier to anchor carrier};
· 1 bit in MIB-NB for a frequency offset of 0kHz or 45kHz on the configured adjacent carrier;
· 1 bit in MIB-NB for the operation mode on non-anchor carrier, in-band or not in-band.
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