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[bookmark: _Ref349588338]1. Introduction
On discussion of downlink common channel/signal transmission in TDD NB-IoT, the following agreements were made in 3GPP TSG RAN1#92 and #92bis meetings:
Agreement in RAN1#92:
· The following pairings of anchor and non-anchor SIB1-NB transmissions are supported:
· In-band anchor + in-band non-anchor
· Guard-band anchor + guard-band non-anchor, FFS which guard-band combinations the signaling will permit
· Guard-band anchor + in-band non-anchor, at least for differentPCI (FFS for samePCI)
· Standalone anchor + standalone non-anchor
Agreement in RAN1#92bis:
For non-anchor carrier transmission of SIB1-NB
· MIB-NB has 3 bits to indicate the number of repetitions/TBS
· MIB-NB has 1 bit to indicate the frequency domain location of SIB1-NB non-anchor carrier
· For In-band anchor + in-band non-anchor, either the adjacent lower PRB relative to anchor PRB, or the adjacent higher PRB relative to anchor PRB
· FFS guard-band combinations
· For standalone+standalone, to indicate one of the 2 adjacent carriers relative to anchor carrier. FFS signaling of frequency offset of the carrier.

This contribution is to discuss the transmission of downlink common channels/signals, mainly focusing on the frequency location and indication method for SIB1-NB transmitted on non-anchor carrier in TDD.

2. Discussion
The configuration of carriers used for SIB1-NB transmission can be the combination of explicit indication carried in MIB-NB and implicit indication based on raster offset. 
First of all, 1 bit is needed to indicate whether the transmission is on anchor carrier or non-anchor carriers. Then the operation mode of anchor-carrier should be indicated in 2 bits with 3 states {in-band, guard-band, standalone} or 4 states {in-band with samePCI, in-band with different PCI, guard-band, standalone}. If the carrier is in-band or standalone, the operation mode of non-anchor carrier is pre-defined. If the carrier is guard-band, the operation mode of non-anchor carrier should be indicated with 1 bit between guard-band and in-band.
For standalone + standalone pairing, the 2 adjacent carriers relative to anchor carrier was agreed for SIB1-NB transmission in last meeting, and signalling of frequency offset is still undetermined. There might be unnecessary to use different 200kHz offset on center frequency for adjacent carriers for standalone operation. Considering that for TDD NB-IoT, the frequency domain location of non-anchor carrier is derived by the offset on center frequency between anchor and non-anchor carriers, 180KHz carrier could also be reused to reduce the system complexity. RAN1 could ask RAN4 to help evaluating this open issue.
Proposal #1: Send an LS to RAN4 to ask the offset of adjacent carriers (180kHz or 200kHz) for standalone operation in TDD.
For guard-band + in-band pairing, the possible offset between NB edge and LTE in-band edge should be noticed. 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. The available frequency bins for anchor carriers that satisfy those constraints are listed in Table 1. Anchor carrier is either 0kHz or 45kHz shift from the edge of NB-IoT carrier to LTE in-band edge, depending on system bandwidth. 
Considering that when system bandwidth is 5MHz/15MHz and 10MHz/20MHz, the possible channel raster offset are different, UE can derive system bandwidth between 5MHz/15MHz and 10MHz/20MHz based on raster offset, and also derive the 0KHz or 45KHz shift. No explicit indication is needed for the offset.
	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 1
*: Fc is the centre frequency of LTE
For guard-band + guard-band pairing, either the lower closest PRB or the higher closest PRB can be indicated by 1 bit in MIB-NB. One of the PRB is in the opposite guard-band and the other one PRB is in the same guard-band. UE can derive the direction of guard-band anchor carrier compared with the closest LTE edge based on channel raster offset, then decide whether the non-anchor guard-band is in opposite or same guard-band. For example, UE could derive that the guard-band anchor carrier is on the right side of LTE edge (higher frequency compared with in-band edge), then the higher closest PRB is in the same guard-band and the lower closest PRB is in the opposite guard-band. Moreover, if opposite guard-band is indicated, 1 additional bit is needed to indicate system bandwidth between 5MHz and 15MHz, or between 10MHz and 20MHz.
For 5MHz system bandwidth, it is only possible to place the non-anchor carrier in the opposite guard-band, and the indication of same guard-band for 5MHz is invalid.
Observation #1: UE can derive the following information based on channel raster offset:
· Whether system bandwidth is 5MHz/15MHz or 10MHz/20MHz. For 5MHz/15MHz system bandwidth, there exists a 45KHz frequency offset between NB edge and LTE in-band edge.
· When anchor carrier is in guard-band, whether its frequency is higher or lower than the adjacent in-band PRB.
Based on the possible combinations of anchor and non-anchor pairing and frequency locations, the following explicit indication could be carried in MIB-NB as shown in Table 2:
· CarrierInfoSIB1 (1 bit): The carrier, on which SIB1-NB is transmitted, is anchor carrier or non-anchor carrier.
· OperationMode (2 bit): The operation mode of anchor carrier among {in-band with same PCI, in-band with different PCI, guard-band, standalone}.
· CarrierLocationSIB1 (1 bit): The frequency location of non-anchor carrier is lower or higher compared with anchor carrier.
· CarrierModeSIB1 (1 bit): The operation mode of non-anchor carrier is guard-band or standalone.
· SystemBandwidth (1 bit): If system bandwidth is derived as 5MHz/15MHz based on raster offset, whether the system bandwidth is 5MHz or 15MHz; otherwise if system bandwidth is derived as 10MHz/20MHz based on raster offset, whether the system bandwidth is 10MHz or 20MHz.
Table 2 Indication of SIB1-NB transmission in MIB-NB
	CarrierInfoSIB1 (1 bit)

	OperationMode (2 bit)

	inband-SamePCI
	inband-DifferentPCI
	guard-band
	standalone

	CarrierLocationSIB1 (1 bit)

	
	
	CarrierModeSIB1 (1 bit)
	

	
	
	guard-band
	in-band
	

	
	
	SystemBandwidth
 (1 bit)
	Same/Different PCI
 (1 bit)
	



Proposal #2:The MIB-NB contents shown in Table 2 is used to indicate configuration of SIB1-NB transmission.

3. Conclusion
Based analysis above, we have the following observation and proposals,
Observation #1: UE can derive the following information based on channel raster offset:
· Whether system bandwidth is 5MHz/15MHz or 10MHz/20MHz. For 5MHz/15MHz system bandwidth, there exists a 45KHz frequency offset between NB edge and LTE in-band edge.
· When anchor carrier is in guard-band, whether its frequency is higher or lower than the adjacent in-band PRB.
Proposal #1: Send an LS to RAN4 to ask the offset of adjacent carriers (180kHz or 200kHz) for standalone operation in TDD.
Proposal #2:The MIB-NB contents shown in Table 2 is used to indicate configuration of SIB1-NB transmission.
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