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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 #90 as, 
Agreements:
· We will position NPSS and NSSS and NPBCH in subframes from among the set: {0, 4, 5, 8, 9} – FFS which precise subframes.
· If NPSS and NSSS are the same as FDD:
· The combination of {NPSS in subframe #5 and NSSS in subframe #9} is a precluded option.
· Subframes 0 and 5 will certainly be used
 
Agreements:
· NPSS uses
· The last 11 OFDM symbols in one subframe
· As a working assumption: the lower 11 subcarriers in  one subframe
· As a working assumption: the same cover code as in FDD
· The design shall be decodable within the same signal processing effort as the design used for FDD
· RAN1 intends to prefer NPSS designs for TDD with the smallest practicable impact to FDD NB-IoT UEs’ initial cell acquisition

Agreements:
· The transmission of SIB1-NB is FFS between:
· Always on the same NB-IoT carrier as NPSS/NSSS
· Always on a different NB-IoT carrier as NPSS/NSSS
· Can be on a different NB-IoT carrier as NPSS/NSSS
· Other SIBs than  SIB1-NB can be transmitted on non-anchor carrier

This contribution is to discuss the transmission of downlink common channels/signals, including NPSS/NSSS/NPBCH/SIB1-NB, for TDD NB-IoT.
2. Discussion on DL common channels/signals for TDD NB-IoT
In Rel-13 and Rel-14, NB-IoT only supports the duplex mode of FDD. It has been agreed to further support TDD NB-IoT in Rel-15 [1]. Since a TDD NB-IoT can be deployed within LTE band, the uplink-downlink configurations of TDD LTE should be considered, as shown in Table 1. Obviously, the downlink resources on TDD anchor carrier are not as many as FDD. It needs to be carefully checked whether the limited downlink resources, or saying downlink sub-frames, are enough to support the transmission of downlink common channels/signals, including synchronization signals, broadcast channel, and system information blocks. 
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


[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK1]In FDD NB-IoT, 4 sub-frames are needed for the transmission of NPSS/NSSS/NPBCH/SIB1-NB, with NPSS on every sub-frame #5, NSSS on every other sub-frame #9, NPBCH on every sub-frame #0. As for SIB1-NB, it is transmitted on sub-frame #4 with a configurable density, which can appear in every other radio frame with the largest density. By re-arranging the transmission sub-frames of each common channel for TDD NB-IoT, at least 3 downlink sub-frames are needed to maintain the densities of NPSS/NSSS/NPBCH/SIB1-NB. 
As a result, configuration #0 in Table 1 with only 2 downlink sub-frames are invalid for TDD NB-IoT deployment, and more analysis can be found in [2]. Note that 3 downlink sub-frames are required to transmit NPSS, NSSS, NPBCH and SIB1-NB. If taking other SIBs into account, the configurations with fewer downlink sub-frames, e.g., configuration #6 and #1, may not be able to support downlink common channel/signal transmission, either. 
To solve this problem, one way could be only allowing the uplink-downlink configurations with sufficient downlink subframes for TDD NB-IoT deployment. It may not be a decent solution, since almost half the configurations will be invalid, including configuration #0, #1 and #6.
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]Observation 1: Almost half of the uplink-downlink configurations don’t have enough downlink sub-frames in each radio frame to transmit downlink common channels and signals for TDD NB-IoT.
It is possible to reduce the required number of downlink sub-frames by reducing the density of downlink common channels for TDD. However, the consequence will be degraded detection performance of system information, and larger latency to acquire system information at UE side. Though the MCL requirement can be relaxed for TDD NB-IoT [1], the detection performance of downlink common channels should be ensured. It is suggested to maintain the density of downlink common channels for TDD.
Observation 2: It will cause the degradation on detection performance of system information, if to reduce the required downlink sub-frames of downlink common channels, by reducing the transmission density. 
Proposal 1: The density of downlink common channels, including NPSS/NSSS/MIB-NB/SIB1-NB, for TDD is same as FDD.
Since most of  the uplink-downlink configurations has no less than 3 downlink subframes within one radio frame, NPSS, NSSS, and NPBCH can be transmitted on one same anchor carrier as legacy. Configuration #0 can be treated as invalid for TDD NB-IoT [2]. Then, the remaining configuration with fewest downlink subframes is configuration #6, with only subframe #0, #5 and #9 for downlink transmission. Under this circumstance, it is still possible to transmit SIB1-NB on the same carrier by TDM with NSSS on the same subframe, e.g., sub-frame #9 of even frames used for NSSS, and sub-frame #9 of odd frames used for SIB1-NB. However, it may not be a good solution, because the inter-cell interference on SIB1-NB will be increased, especially when the density of SIB1-NB is intense for the neighboring two cells. 
Observation 3: The only way to transmit NPSS/NSSS/NPBCH/SIB1-NB on the same carrier is TDM of SIB1-NB and NSSS on the same subframe. However, it will lead to inter-cell interference on SIB1-NB and cause the performance degradation. 
Better solution could be to off-load SIB1-NB onto non-anchor carrier, at least for some of the UL/DL configurations like configuration #6. Meanwhile, in order to ensure the flexibility for deployment, it is better to have at least one UL/DL configuration that supports TDD NB-IoT deployed in a single NB-IoT carrier. Therefore, it prefers that SIB1-NB can be configured to transmit on non-anchor carrier, when the downlink subframes are limited with certain UL/DL configuration.
Proposal 2: Support to transmit NPSS, NSSS and NPBCH on anchor carrier for TDD NB-IoT, and configurable transmission for SIB1-NB, which can be on non-anchor carrier. 
As in agreements in meeting #90, NPSS/NSSS will be used to differentiate duplex mode. Either using different time separation between NPSS and NSSS for TDD and FDD (as LTE as working assumption), or using different cover code on NPSS for TDD and FDD as alternative solution.  For different separation time, UE might need to buffer two possible NSSS. It is not expected to cause much complexity or cost for NB-IoT UE. In addition, same NPSS detector can be reused for both TDD and FDD.  Based on the agreement, the sub-frame to send NPSS and NSSS should be chosen from #0, #4, #5, #8 and #9.  In order to support more UL-DL configurations, subframe #0, #5, #9 shall be used for NPSS/NSSS and NPBCH transmission.  One simple way is switching NPSS and NSSS for TDD system and NPBCH is transmitted on #0 as FDD. As proposed, SIB1-NB can be transmitted on non-anchor carrier if some UL-DL configurations with less DL subframes are used. 
Proposal 3: The duplex mode can be indicated by NPSS/NSSS with different time separation between NPSS and NSSS, as
· For TDD, NPSS on subframe #9 and NSSS on subframe #5
· For FDD, NPSS on subframe #5 and NSSS on subframe #9


Figure 1: Example of transmission of downlink common channels for TDD
As analyzed before, TDD SIB1-NB can be transmitted on non-anchor carrier, at least for some UL-DL configuration. The subframe to transmit TDD SIB1-NB on non-anchor carrier shall be also chosen from #0, #5 and #9 to support more UL-DL configurations. The subframe for SIB1-NB on non-anchor carrier can be pre-defined, e.g., subframe #5. For SIB1-NB transmitted on anchor carrier, subframe # 4 can be used. 
The location of carrier for TDD SIB1-NB could be configured. For flexibility, it is preferable to be configured with MIB-NB. Considering the limitation of spared bits in MIB-NB, we could use 1 bit to indicate whether SIB1-NB is transmitted on anchor carrier or non-anchor carrier. As shown in Figure 2, MIB-NB can indicate SIB1-NB transmitted on subframe #5 of non-anchor carrier, which can be applied when subframe #4 is not for downlink, e.g., UL:DL configuration #0, #3 and #6. Otherwise, it can indicate SIB1-NB transmitted on subframe #4 of anchor carrier as FDD. Another solution could be, 3-bit in MIB-NB to indicate the UL/DL configuration index, which implicitly indicates whether SIB1-NB is transmitted on anchor or non-anchor carrier. Details can be found in [2]. Compared with the solution of 1-bit indication, more bits will be needed, which may not be tolerated considering the limited spared bits in MIB-NB. The method with 1 bit in MIB-NB is preferred. 
[bookmark: _GoBack]The location of non-anchor carrier for SIB1-NB can also be predetermined or configured. A predetermined location for non-anchor carrier can be the adjacent carrier to the anchor carrier, or with a fixed frequency offset. To provide some flexibility, 1 bit can be introduced in MIB to indicate whether it is left or right to anchor carrier. If more bits can be used, to indicate the frequency offset of the non-anchor carrier to the anchor carrier can also be considered. The detailed configuration can be FFS.
[image: ]
Figure 2
Proposal 4: To introduce 1 bit in MIB-NB to indicate SIB1-NB transmitted on anchor carrier or non-anchor carrier. The configuration for the location of non-anchor carrier is FFS.
3. Conclusion
Based analysis above, we have the following observations and proposal, 
Observation 1: Almost half of the uplink-downlink configurations don’t have enough downlink sub-frames in each radio frame to transmit downlink common channels and signals for TDD NB-IoT.
Observation 2: It will cause the degradation on detection performance of system information, if to reduce the required downlink sub-frames of downlink common channels, by reducing the transmission density. 
Observation 3: The only way to transmit NPSS/NSSS/NPBCH/SIB1-NB on the same carrier is TDM of SIB1-NB and NSSS on the same subframe. However, it will lead to inter-cell interference on SIB1-NB and cause the performance degradation. 
Proposal 1: The density of downlink common channels, including NPSS/NSSS/MIB-NB/SIB1-NB, for TDD is same as FDD.
Proposal 2: Support to transmit NPSS, NSSS and NPBCH on anchor carrier for TDD NB-IoT, and configurable transmission for SIB1-NB, which can be on non-anchor carrier. 
Proposal 3: The duplex mode can be indicated by NPSS/NSSS with different time separation between NPSS and NSSS, as
· For TDD, NPSS on subframe #9 and NSSS on subframe #5
· For FDD, NPSS on subframe #5 and NSSS on subframe #9
Proposal 4: To introduce 1 bit in MIB-NB to indicate SIB1-NB transmitted on anchor carrier or non-anchor carrier. The configuration for the location of non-anchor carrier is FFS.

Reference
[1] RP-170852,”New WID on Further NB-IoT enhancements,” 3GPP TSG RAN Meeting #75, Mar. 2017. 
[2] R1-1717572,”Discussion on NB-IoT TDD Configuration,” Samsung


4

Microsoft_Visio_Drawing1.vsdx
#0
#1
#2
#3
#4
#5
#6
#7
#8
#9
Anchor carrier
FDD
#0
#1
#2
#3
#4
#5
#6
#7
#8
#9
Anchor carrier
#0
#1
#2
#3
#4
#5
#6
#7
#8
#9
Non-anchor carrier
TDD

NPBCH

NPSS

NSSS

SIB1-NB



image2.emf
#0 #1 #2 #3 #4 #5 #6 #7 #8 #9

Anchor PRB

#0 #1 #2 #3 #4 #5 #6 #7 #8 #9

Non-anchor PRB #0

#0 #1 #2 #3 #4 #5 #6 #7 #8 #9

Anchor PRB MIB indicate 0

NPBCH

TDD/FDD NPSS

TDD/FDD NSSS

SIB1-NB

MIB indicate 1


image1.emf
#0 #1 #2 #3 #4 #5 #6 #7 #8 #9

Anchor carrier

FDD

#0 #1 #2 #3 #4 #5 #6 #7 #8 #9

Anchor carrier

#0 #1 #2 #3 #4 #5 #6 #7 #8 #9

Non-anchor carrier

TDD

NPBCH

NPSS

NSSS

SIB1-NB


