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Introduction
A revised Work Item (WI) on further NB-IoT enhancements was approved in RAN#77 [1]. One of the objectives refers to work on introducing the support of the TDD operation into NB-IoT as follows. 
“
Support for TDD [RAN1, RAN2, RAN4]

Specify TDD support for in-band, guard-band, and standalone operation modes of NB-IoT. The design shall assume no UL compensation gaps are needed by UE, and strive towards a common design among the deployment modes. 
· Relaxations of MCL and/or latency and/or capacity targets to be considered by RAN1.
· Baseline is to support the same features as Rel-13 NB-IoT, additionally considering small-cells scenarios
· In addition to the baseline, support the following:
· Based on Rel-14 FDD designs:
· OTDOA positioning using Rel-14 NPRS RE patterns and sequences. Subframe configurations Part A and Part B shall be used with necessary amendments, if any.
· Non-anchor carrier operation for paging and random access
· UE category NB2, with the same TBS table as FDD, and support for 1 and 2 UL/DL HARQ processes. The support of 2 UL/DL HARQ processes by UE is an optional capability available to Cat NB2, i.e. same way as FDD.
· Non-anchor carrier operation for system information (MIB-NB and any SIB-NB) can be considered.
· Specify band specific requirements for band 41
”.

During RAN1#92bis, we also reached the following working assumptions
“
· For SIB1-NB transmission in TDD on an anchor carrier, the subframe index and TBS are indicated by schedulingInfoSIB1 as follows:
	Value of schedulingInfoSIB1
	Number of NPDSCH repetitions
	Subframe
	TBS

	0
	4
	0
	208

	1
	8
	0
	208

	2
	16
	0
	208

	3
	4
	0
	328

	4
	8
	0
	328

	5
	16
	0
	328

	6
	4
	0
	440

	7
	8
	0
	440

	8
	16
	0
	440

	9
	4
	0
	680

	10
	8
	0
	680

	11
	16
	0
	680

	12
	16
	4
	208

	13
	16
	4
	328

	14
	16
	4
	440

	15
	16
	4
	680



· For 16 and 8 repetitions of SIB1-NB on a non-anchor carrier, the starting radio frame is as follows:
	Number of SIB1-NB repetitions
	PCID
	Starting radio frame number for SIB1-NB repetitions (nf mod 256)

	16 
	PCID mod 2 = 0
	 0

	
	PCID mod 2 = 1
	1

	8
	PCID mod 2 = 0
	0

	
	PCID mod 2 = 1
	16



· When SIB-NB is transmitted on a non-anchor carrier, two subframes, i.e., subframe #0 and #5 in the same radio frame, are used for SIB1-NB transmission in every other radio frame
· One transport block of SIB1-NB is transmitted over 16 SIB1-NB subframes 
· 16 SIB1-NB subframes carry encoded bits of SIB1-NB continuing reading them from circular buffer.

· 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.
· For normal subframes, NRS resource mapping is the same as FDD .
· For special subframe configurations #3, #4 and #8, NRS is mapped to the 3rd and 4th symbols of each slot.
· For special subframe configurations #9 and #10, NRS is mapped to the 3rd and 4th symbols of the first slot .
· For special subframe configurations #1, #2, #6 and #7, NRS is mapped to
· The 6th and 7th symbols of the first slot.
· For special subframe configuration #0 and #5, NRS is not transmitted. 

” .
In this contribution, based on the agreements and previous discussion, we discuss the support of TDD from the DL point of view in an NB-IoT system. Performing such analysis will allow us to identify the potential limitations, implications, and considerations of the TDD NB-IoT  design. In our companion contribution [3], we discuss the UL aspects of the TDD NB-IoT  design. 
Background
In a TDD system, unlike the FDD system, the UL and DL are sharing the same carrier frequency. Table 1 shows the available LTE TDD configurations as described by the LTE standard [2]. 
As can be seen from Table1 there are seven different TDD configurations that are supported in the current LTE system, three of them (i.e., configuration #3, #4, and #5) have a Downlink-to-Uplink switching periodicity equal to 10ms, meaning that there is only one “special subframe” per every radio frame. While, all the other TDD configurations (i.e., configuration #0, #1, #2, and #6) use a Downlink-to-Uplink switching periodicity equal to 5ms, where there are two “special subframes” per every radio frame. The “special subframes” consists of three fields, Downlink Pilot Time Slot (DwPTS), Guard Period (GP), and Uplink Pilot Time Slot (UpPTS), which have variable lengths depending on the special subframe configuration. Due to UL timing advance (TA), the “special subframes” is inserted between DL subframe and UL subframe to offer the UE preparing time to switch between DL to UL. 

[bookmark: _Ref485298037][bookmark: _Ref485298032]Table 1 Uplink-downlink configurations
	[bookmark: _Hlk487540696]Uplink-downlink 
configuration
	Downlink-to-Uplink 
Switch-point periodicity
	Subframe number
	Number of subframes / frame

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	DL
	UL
	S

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U
	2
	6
	2

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D
	4
	4
	2

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D
	6
	2
	2

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D
	6
	3
	1

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D
	7
	2
	1

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D
	8
	1
	1

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D
	3
	5
	2



D: Downlink; U: Uplink; S: Special Subframe
TDD support into NB-IoT for downlink
In this section, we first discuss the general configuration aspects of NB-IoT support. Then, we will discuss each DL channel individually in the context of TDD. 
TDD configurations 
In the discussion of RAN1#90, regarding the support of TDD configurations, we made the following agreements 
“
· MCL target of 164 dB at an ‘application layer’ data rate of 160 bps is targeted for at least one UL:DL configuration (FFS which one or more than one).
· NOTE: The at least one UL:DL configuration may or may not be different for UL MCL target than DL MCL target
”
From the agreements, we can infer that the TDD NB-IoT  design does not necessary requires to support all the existing UL:DL configurations. In the discussion of RAN1#90bis, regarding the support of TDD configurations, we made the following agreement and working assumption 
“
Agreement	
•	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
”.
Furthermore, it is concluded in RAN1#92 that 
“
Revisit the working assumption about TDD UL/DL configuration 6 once the TDD design as a whole is more advanced.
”
During the discussion of RAN1#92, it is concluded that cross carrier scheduling is not in the scope of the WID, and therefore RAN1 is not going to further consider cross carrier scheduling. This means TDD configuration 6 cannot operate properly, as there are not enough DL subframes to send NPDCCH to schedule the UL, if cross carrier scheduling is not supported. Moreover, in terms of uplink the TDD configuration #6 also imposes some complications because it counts with an asymmetrical number of UL subframes in each half of a radio frame, which may for NPRACH require either using two different NPRACH formats within a radio frame, or in some cases adding rules for using one NPRACH format at a time within a radio frame. Based on the difficulties that the TDD configuration #6 implies for both, UL and DL, as well as on the current agreements, we can confirm the working assumption, and therefore, it is proposed that
Proposal 1: [bookmark: _Ref498592363]Confirm the working assumption that TDD UL:DL configuration 6 is not supported in TDD NB-IoT in Rel-15. 
SIB1-NB transmission
We made the following working assumption in RAN1#92bis that
“
· 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.
”.
SIB1-NB transmission configurations on non-anchor carrier
When SIB1-NB is transmitted on anchor carrier only, at least subframe #0 in odd frames is used.  As discussed above, this works fine for most of the cases, and only have potential problem if the number of repetitions is configured to be 16. Notice that 16 repetitions are only used when the cell targets to support the maximum coverage. Then, one solution is to reduce the size of SIB1-NB to improve the coverage, if the concern is that there might not be sufficient downlink subframes available on a TDD NB-IoT anchor carrier for SIB1-NB transmission (e.g., to avoid interference from neighboring cells) especially if the number of repetitions is configured to be 16. Notice that the most important information in SIB1-NB is the scheduling information of other SIBs, cell access info and hyperSFN bits. A smaller SIB1-NB message, which requires fewer repetitions to achieve the same coverage enhancement level, can facilitate the SIB1-NB scheduling and transmission on anchor carrier.
Proposal 2: [bookmark: _Ref498592401]Send LS to RAN2 to consult the feasibility of reducing the size of SIB1-NB.
As discussed 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
During RAN1#92bis, the designs of “in-band anchor + in-band non-anchor” are finished in RAN1. In the following paragraph, we focus on the other cases.  We use the following MIB structure in FDD NB-IoT as reference in our discussions. In total, there are 11 spare bits in the FDD NB-IoT MIB. 
MasterInformationBlock-NB
-- ASN1START

MasterInformationBlock-NB ::=	SEQUENCE {
	systemFrameNumber-MSB-r13		BIT STRING (SIZE (4)),
	hyperSFN-LSB-r13				BIT STRING (SIZE (2)),
	schedulingInfoSIB1-r13			INTEGER (0..15),
	systemInfoValueTag-r13			INTEGER (0..31),
	ab-Enabled-r13					BOOLEAN,
	operationModeInfo-r13			CHOICE {
		inband-SamePCI-r13				Inband-SamePCI-NB-r13,
		inband-DifferentPCI-r13			Inband-DifferentPCI-NB-r13,
		guardband-r13					Guardband-NB-r13,
		standalone-r13					Standalone-NB-r13
	},
	spare							BIT STRING (SIZE (11))
}

ChannelRasterOffset-NB-r13 ::= ENUMERATED {khz-7dot5, khz-2dot5, khz2dot5, khz7dot5}

Guardband-NB-r13 ::=			SEQUENCE {
	rasterOffset-r13				ChannelRasterOffset-NB-r13,
	spare							BIT STRING (SIZE (3))
}

Inband-SamePCI-NB-r13 ::=		SEQUENCE {
	eutra-CRS-SequenceInfo-r13		INTEGER (0..31)
}

Inband-DifferentPCI-NB-r13 ::=	SEQUENCE {
[bookmark: _Hlk497117381]	eutra-NumCRS-Ports-r13			ENUMERATED {same, four},
	rasterOffset-r13				ChannelRasterOffset-NB-r13,
	spare							BIT STRING (SIZE (2))
}

Standalone-NB-r13 ::=			SEQUENCE {
	spare							BIT STRING (SIZE (5))
}

-- ASN1STOP

Recall that if SIB1-NB is transmitted on the non-anchor carrier, it is not possible to signal the exact position of the non-anchor carrier by the means of using E-UTRA Absolute Radio Frequency Channel Number (EARFCN) due to the limited number of bits in MIB-NB. Therefore, one possible way of signaling the SIB1-NB carrier position is to predefine it with respects to the anchor carrier, which is the case for “in-band anchor + in-band non-anchor”. The same principles should be applied for other cases. 
For the guardband operation, NB-IoT carriers are placed in the guard-band area of a LTE band. Due to out-band emission requirement, currently NB-IoT guard-band deployment is only possible for 5, 10, 15 and 20MHz bandwidth. It is not necessary that NB-IoT carriers are placed on the LTE PRB grid (they need to be placed on the LTE subcarrier grid though, to avoid inter-subcarrier interference). In principle, NB-IoT carriers can be placed on any subcarriers in the guard-band, as long as the 180 kHz NB-IoT band falls entirely into the guard-band. And for anchor carrier, the frequency offset to the 100Hz channel raster must be +/- 2.5KHz or +/- 7.5 KHz, otherwise UE would not be able to find the carrier. 
Notice that it is only possible to have one anchor carrier in the guardband of LTE at each side of the band edge, due to the channel raster requirement. However, there is no such limitation for the non-anchor carriers. General speaking, it is beneficial to deploy NB-IoT as close to the LTE carrier as possible, to reduce adjacent channel interference and to simplify implementation for network equipment, etc. For 20MHz and 10MHz case, the first PRBs in the guard-band happen to be close to the 100 kHz channel raster enough and hence can be chosen as anchor carrier. For 15MHz and 5MHz case, the first PRBs in the guards-band are so much off the channel raster that they cannot be used as anchor carriers. The first possible anchor-carrier PRBs in the guard-band is the third one, counting from the edge of the in-band. To combat this problem, it was discussed in Rel13 NB-FDD design that three empty sub-carriers can be added next to the in-band edge to adjust anchor carrier position in the guard-band by the required channel raster. After the insertion of the 3 empty sub-carriers, the ‘shifted’ first PRB in the guard-band is 7.5KHz off to the raster and hence can be used as anchor carrier for NB-IoT. 
Based on the above analysis, for TDD NB-IoT guard-band deployment, for 20 MHZ and 10 MHz LTE system bandwidth, anchor carriers can be placed on the first PRB in the guard-band, counting from the edge of the in-band. For 15MHz and 5MHz cases, 3 empty subcarriers should be added in-between the in-band PRB grid and the guard-band PRB grid.
For the case “guard-band anchor + guard-band non-anchor”, the predefined SIB1-NB carrier have several possibilities. Either the SIB1-NB non-anchor carrier is at the same band edge as the anchor carrier, or on the other band edge of the system in the mirroring position as the anchor carrier, e.g., for the 5MHz system bandwidth where only possible to have one carrier at each side of the guard band. Notice that the UE can learn whether its {10, 20 MHz} or {5, 15 MHz} from the signaled raster offset size. Therefore, we only need 1 bit here to signal the LTE system bandwidth. 
Proposal 3: [bookmark: _Ref506543858][bookmark: _Ref498592499]When SIB1-NB is transmitted on a non-anchor carrier, from RAN1 perspective, it is possible and beneficial to support SIB-NB non-anchor carrier to be transmitted on the guard-band, if the anchor carrier is transmitted in the guard-band. 
Furthermore, there is also a case “guard-band anchor + in-band non-anchor” needs to be studied. In this case, if we support SIB1-NB transmission on the inband non-anchor carrier, we also need to indicate whether the non-anchor carrier is to the higher or lower frequency of the anchor carrier. Therefore, the same signaling as the inband case can be reused. As discussed above, there is only one anchor position at each band edge in the case of guardband deployment. Therefore, the preferred non-anchor position for SIB1-NB transmission is the closest PRB at the LTE band edge. However, in this case, the operation mode related information of the non-anchor carrier should also be indicated to the UE to derive, e.g., CRS information for the purpose of rate matching of SIB1-NB. 
In the guard-band deployment, as the sign of the channel raster offset conveys the information of which side of the guard-band is the NB-IoT carrier is located, the UE should be able to derive the position of the non-anchor carrier in the same manner as the inband case. We use the following example for the purpose of illustration. 
Example of signaling the guardband non-anchor position
Guardband-NB-r13 ::=			SEQUENCE {
	rasterOffset-r13				ChannelRasterOffset-NB-r13,
inband-bandwidth-tdd            ENUMERATED {n25, n75}, or {n50, n100}
sib1-NB-position-tdd            ENUMERATED {higer_Freq, lower_Freq},
sib1-NB-prbInfo-tdd    			ENUMERATED {first-prb, second-prb},
}




[bookmark: _Ref513213172]Figure 1 Example of signaling the guardband non-anchor position
In the example, the LTE system bandwidth information is obtained by the UE. Together with the channel raster offset, the UE can derive at which guard-band the NB-IoT anchor carrier is located. If non-anchor carrier is configured for the SIB1-NB transmission, the position is indicated whether it is at the lower or the higher side of the LTE guardband.  Then we can either further indicate where is the position of the non-anchor carrier, by indicating the position of the non-anchor carrier as illustrated in Figure 1, or we can simply predefine the position of the non-anchor carrier, if the flexibility is not needed. 
We can indicate the position of the SIB1-NB non-anchor carrier is the similarly way for the case “guard-band anchor + in-band non-anchor”.  Notice that, depending on which side of the guard-band, a predefined lower/higher PRB nearest to the anchor carrier can be the in-band carrier. This information can be easily derived by the UE, as there is only one possible anchor position at each side of the guard-band. In the case of the non-anchor carrier is inband, the operation mode related information can be further signaled. 
Proposal 4: [bookmark: _Ref506544136]Signal the LTE system bandwidth needs, if non-anchor carrier is used for SIB1-NB transmission when the anchor carrier is deployed in the guardband scenario. 
For standalone operation, using the NB-IoT FDD MIB-NB as a reference, 5 additional spare bits are available. In standalone deployment case, where there is no coexisting LTE-TDD system, TDD NB-IoT  anchor carrier can be deployed on the 100 kHz channel raster in the assigned frequency band. In Rel-13 NB-IoT, non-anchor carriers are required to be deployed on the 100 kHz channel raster in the same frequency band as the anchor carrier, which is basically the deployment principle for NB-IoT FDD. However, if two NB-IoT carriers are deployed in two adjacent 200 kHz channels, the adjacent channel interference becomes a problem, due to that the NB-IoT channels cannot be fit into the same 15KHz subcarrier grid. For this reason, it is also possible that the non-anchor carriers are not exactly placed on the 100 kHz channel raster for Rel-14 NB-IoT [6]. Instead, they are deployed with a certain frequency offset to the channel raster, to achieve sub-carrier grid alignment with the anchor carrier. Whichever deployment principle is adopted, SIB1-NB non-anchor carriers can always be specified with a relative frequency offset to the anchor carrier. The relative frequency offset can be given in of 180KHz PRBs, or in number of 200 kHz NB-IoT channel bandwidth, an example is given as follows. 
Standalone-NB-r13 ::=			SEQUENCE {
sib1-NB-position-tdd            	ENUMERATED {lower_freq, higher_freq},
    sib1-NB-offsetStandalone-tdd    	INTEGER (1..16)
	sib1-NB-offsetStandalone-size-tdd   ENUMERATED {khz-180, khz-200}							
}

Proposal 5: [bookmark: _Ref506543878][bookmark: _Ref498592512]In stand-alone operation mode, when SIB1-NB is transmitted on a non-anchor carrier, from RAN1 perspective, it is possible and beneficial to support SIB1-NB to be transmitted non-anchor carrier. The relative frequency offset for the non-anchor carrier to the anchor carrier can be given, e.g., in number of 180 kHz PRBs, or in number of 200 kHz NB-IoT channel bandwidth. 
DL physical channels in TDD operation
The use of DwPTS
Regarding the special subframes in TDD NB-IoT, RAN1 concluded that UpPTS are not used. For DwPTS, RAN1 reached the following agreements and working assumptions that
“
Agreement for NPDSCH, and working assumption for NPDCCH:	
· Transmission in DwPTS is supported for in-band when the number of OFDM symbols in DwPTS is greater than 3. 
· FFS if all DwPTS configurations are supported for NPDCCH
· Transmission in DwPTS is supported for guard-band and standalone for all DwPTS configurations. 
· FFS if all numbers of repetitions of NPDCCH are supported
· FFS if all aggregation levels of NPDCCH are supported
· FFS on NRS mapping
”
For NPDSCH, there are two cases that need to be discussed, i.e., NPDSCH with and without repetitions. For the case of NPDSCH without repetitions, in general rate matching is preferred, as it gives better performance than puncturing. However, the problem occurs when the number of subframes is small and the available symbols in DwPTS is also small. This is because, for some DwPTS configurations, some of the TBS would result in code rate larger than 0.9, which is the highest code rate supported by Rel-14 FDD NB-IoT. The first solution is to reuse the current TBS table, not supporting the TBS values that would result in a code rate larger than 0.9.  An example is given in Table 2, where we assume two subframes and the 2nd subframe is a special subframe with 40 REs available for NPDSCH, and a regular subframe has 100 REs. Certainly, some TB values cannot be used as expected, but the scheduler can still find a suitable TB that gives a desirable code rate. 
[bookmark: _Ref510510698]Table 2 Example of using 1 normal frame and 1 special subframe
	TBS
	Code Rate

	32
	0.20

	56
	0.29

	72
	0.34

	104
	0.46

	120
	0.51

	144
	0.60

	176
	0.71

	224
	0.89

	256
	1.00

	296
	1.14

	328
	1.26

	376
	1.43

	440
	1.66

	488
	1.83



The second solution is to scale-down the TBS size for different DwPTS configurations according to the available OFDM symbols. The difficulty for the second solution is that the number of special subframes varies depending on the TDD configurations and where the NPDSCH starts, as well as different DwPTS configurations. Therefore, it is not straight forward to capture all the possible scaling factors, especially when there are invalid subframes configured. Therefore, it is proposed that
Proposal 6: [bookmark: _Ref510768483]For NPDSCH without repetition, rate matching is used in the presence of special subframes in an RU, without supporting code rate larger than 0.9 after rate matching. 
For the case of NPDSCH with repetitions, the use of DwPTS should be used with caution. Recall that the basic unit used for repetition in NB-IoT is one TB that is mapped to NSF subframes. Depending on the TDD configurations, the starting point of NPDSCH transmission, and the invalid subframe configurations, we may have a different number of special subframes in each of the NSF subframes. Therefore, rate-matching is difficult to apply, and puncturing would results in performance variation, i.e., for each TDD configuration and special configuration, we need to use different algorithms to estimate the resource allocation. Hence, a simple way is to not count special subframes when performing the TB mapping, but the use the special subframe to repeat its nearest valid subframe on the symbol level.  This minimize the efforts for the system design. Therefore, it is proposed that 
Proposal 7: [bookmark: _Ref510768497]For NPDSCH with repetition, the same TBS table is used for TDD NB-IoT as FDD NB-IoT. The special subframes are not counted for the TB mapping, i.e., NSF does not include special subframes. 
Proposal 8: [bookmark: _Ref510768511]For NPDSCH with repetition, the special subframes can be used to repeat its nearest valid subframe on the symbol level. 
For NPDCCH, the problem is more complicated, as the UE needs to perform blind detection. If rate matching is used, it means the UE needs to have different assumptions when check different candidates with and without the presence of special subframes, and coherent combining cannot be assumed. The would significantly increase the UE complexity, especially when Rmax is large. For Rmax =1 or 2, it may be possible to consider rate matching if the UE decoding complexity is acceptable. Therefore, it is proposed that 
Proposal 9: [bookmark: _Ref510768551]For NPDCCH, when Rmax =1 or 2, rate matching can be considered for special subframe, if UE complexity is not a problem. 
Proposal 10: [bookmark: _Ref510768564]For larger Rmax, it is preferred to use special subframes to repeat its nearest valid subframe on the symbol level, and the special subframes are not counted in the number of repetitions in an NPDCCH candidates. 
NPDCCH
In this section, we discuss the NPDCCH design for TDD NB-IoT . In our point of view, most of the design concepts in NB-IoT FDD, e.g., aggregation level, different types of search spaces, definition of search space candidates, and etc., can be directly applied in TDD NB-IoT . Therefore, we only discuss what needs to be modified or enhanced in TDD NB-IoT  design. 
In NB-IoT FDD, forward scheduling is used. Due to the low complexity, in Rel13 NB-IoT FDD design, it is agreed that the UE should not do more than 4 blind decoding within 1 ms, and a 4 ms decoding time for the NPDCCH should be guaranteed. Therefore, if two search space are less than 4 ms apart, the UE is not required to monitor the first search space. However, this may not be the case for TDD NB-IoT . 
First of all, the DL transmission of NB-IoT is not continuous.  Therefore, naturally there are enough processing time offered during the UL SFs. Furthermore, during the discussions of Rel14 NB-IoT, it is understandable that UE with better performance can be expected while keeping the same low cost. Therefore, it may neither necessary to specify an explicit NPDCCH processing time, nor drop an entire search space when collision happens, e.g., caused by postponing. Moreover, if the entire search space is dropped, it may result in long delays, especially in the TDD configurations that have few DL subframes.
Proposal 11: [bookmark: _Ref487633477]Do not explicitly impose the 4 ms NPDCCH dropping rule in TDD NB-IoT . That is the UE only drops the NPDCCH candidates in a search space that end before the starting of the next NPDCCH search space. 









[bookmark: _Hlk498363139]In NB-IoT FDD, the locations of the starting subframe of an NPDCCH search space is defined as “a subframe satisfying the condition , where , T≥4.”  This gives an easy way for the UE to calculate the starting position of an NPDCCH search space regardless the DL valid SF configurations and SI scheduling. This should also be adopted for the TDD NB-IoT  design. However, the value of may need to be reconsidered. The use of is to offer different starting subframe for different UEs, which offers scheduling flexibility. Currently, the values of the  is among the set {0, 1/8, 1/4, 3/8}. For example, if we have T = 8, the  gives an offset of 0, 1, 2, 3 different SFs among different UEs. In some of the TDD configurations, if we consider the NPDCCH transmission is postponed due to UL SFs, the use of would points to the same starting SF of the NPDCCH, which contradicts the intention of . Therefore, it is beneficial to extend the range of  in the TDD NB-IoT  design. 
Proposal 12: 
[bookmark: _Ref487633488]  Consider extending the range of  in the TDD NB-IoT  design to offer more scheduling flexibilities.
Similarly, we may also need to consider extending the value rang of G. This is because in the TDD NB-IoT , there are less DL subframes available. The DL transmission will be postponed when there is an UL transmission, which means it takes longer time for the same search space to be transmitted. Therefore, a larger T  is necessary to ensure there is no overlapping between two search spaces.  
Proposal 13: [bookmark: _Ref498592555]  Consider extending the range of G in the TDD NB-IoT  design to offer more scheduling flexibilities.
NRS
In FDD NB-IoT, NRS is used for the UEs to estimate the DL channel for decoding NPBCH, NPDCCH, and NPDSCH. Currently, two NRS antenna ports are supported. For TDD NB-IoT, since DL subframes are interleaved with UL subframes, it may be challenging to perform cross subframe channel estimation in the same way as in the FDD setup. Therefore, we may consider other ways to compensate the loss.
One way to compensate this is to introduce more TX antennas at the eNB to increase the diversity gain. At this moment, in NB-IoT FDD, only NRS patterns for 2 TX antenna ports are supported. We can consider extending this to 4 TX antenna ports, e.g., similar to the legacy LTE, to support SFBC for 4 antenna ports. 
Proposal 14: [bookmark: _Ref487633510]  Consider supporting NRS patterns for 4 antenna ports for TDD NB-IoT and to support SFBC for 4 antenna ports. 
[bookmark: _Hlk513214779]In FDD NB-IoT, prior the UE obtains operation mode information, “The UE may assume narrowband reference signals (NRSs) are transmitted in subframes #0 and #4 and in subframes #9 not containing NSSS”. Similar rules should be applied in TDD NB-IoT, as the UE can only make minimum assumptions. Based on the TDD NB-IoT DL structure, it is proposed that 
Proposal 15: [bookmark: _Ref513215602]  Before obtaining the operation mode information, the UE may assume NRSs are transmitted in subframes #9 and subframes #0 not containing NSSS. 
But different from the FDD NB-IoT, after obtaining the operation mode information, the UE should still keep the minimum assumption, as the TDD configurations are not signaled in MIB but in SIB1-NB. 
Proposal 16: [bookmark: _Ref513215627]  After acquiring MIB-NB and before obtaining the SIB1-NB, the UE may assume NRSs are transmitted in subframes #9 and subframes #0 not containing NSSS, and subframe #4, if subframe #4 is configured for SIB1-NB transmission. 
Proposal 17: [bookmark: _Ref513215644]  After obtaining the SIB1-NB, the UE may assume NRSs are transmitted in subframes #9 and subframes #0 not containing NSSS, and subframe #4, if subframe #4 is configured for SIB1-NB transmission, as well as other valid DL subframes, including special subframes in which NRSs are supported. 
OTDOA support for TDD NB-IoT
In the updated WID [1], the supported of OTDOA is agreed to be introduced in TDD NB-IoT. Given the performance of the NPRS sequence in FDD is well studied, in normal DL subframes, for simplicity we can reuse the FDD NPRS sequences. This both reduce implementation and standardization efforts. 
Proposal 18: [bookmark: _Ref506543930]In normal DL subframes that are used for NPRS transmission, the NPRS generation can be the same as FDD NB-IoT.
However, since the DL design of TDD NB-IoT has some significant differences compared to the NB-IoT FDD design, not all the principles of NPRS configuration in NB-IoT FDD can be directly applied. 
In special subframes, since the number of DL symbols is limited, it may not be beneficial to have NPRS transmission, especially consider different cells need to have different NPRS frequency shift to avoid interference. Therefore, it is proposed that  
Proposal 19: [bookmark: _Ref506543938]Special subframes are not used for NPRS transmission. 






In NB-IoT FDD, the NRPS subframes are configured by using so called Part A and/or Part B. Part A uses a bit map to configure the NPRS subframes, and Part B specifies the number of consecutive NPRS subframes , the periodicity of the NPRS subframes , and an offset of the starting subframe indicated by . Here, , ms, and .
As mentioned above, in TDD NB-IoT there are always some subframes that are not used for DL NPRS transmission, thus the bitmap indicated by Part A can be shortened. This is very beneficial from signaling point of view, as the NPRS configurations is signaled via LPP on a per carrier basis for OTDOA measurement to each individual UE. As the DL resource of TDD NB-IoT is less than it is in FDD, minimizing the signaled overhead is very beneficial. The overhead of signaling the bitmap can be reduced even more, if we can indicate whether a NPRS carrier is an anchor carrier or not. This is because in an anchor carrier, subframes that are used by NPSS, NSSS, NPBCH are not available for NPRS either. Figure 2 illustrate the current agreed DL anchor carrier structure in TDD NB-IoT . The NSSS, NPSS, and NBPCH subframes (i.e., SF0, SF5, and SF9) shall not be used for NPRS, which are marked as “N/A”, SF1 (always) and SF6 (in most cases) are special subframes, thus are not suitable for NPRS, while SF2 is an UL subframe for all the TDD configurations, therefore it cannot be used for NPRS.   
[image: ]
[bookmark: _Ref506141180]Figure 2 Illustration of TDD NB-IoT  anchor carrier structure
Given that is known that in the anchor carrier of TDD NB-IoT only certain subframes can be used for transmitting DL NPRS transmissions, it is better to have a bit map that only indicates those DL subframes. This can significantly reduce the LPP signaling overhead of OTDOA measurement.
For example, on the anchor carrier the bitmap for TDD NB-IoT could consist of only four bits, indicating from left (MSB) to right (LSB) a mapping over subframe #3, #4, #7, and #8 respectively, and where the subframes not containing NPRS are indicated with ‘0’. Subframes containing NPRS are indicated with ‘1’.  Similar setups can be also applied to non-anchor carrier, it is just that on the non-anchor carrier there are more DL subframes that could be used for mapping the NPRS. For example, the candidate DL subframes containing NPRS could be SF3, SF4, SF5, SF6, SF7, SF8, and SF9 leading to a bitmap consisting of seven bits. 
Proposal 20: [bookmark: _Ref506543947]RAN1 to discuss whether Part A should use a shorter bitmap than 10 bits in TDD NB-IoT  standalone/guardband deployment, and a shorter bitmap than 40 bits in inband deployment indicate the NPRS subframes. 



When it comes to Part B, more considerations need to be taken. In NB-IoT FDD, the DL subframes are continuous, but in TDD NB-IoT, the DL subframes are interlaced with UL subframes. Therefore, if Part B is also adopted, the interpretation of the configurations provided by Part B need to be clarified. Due to the discontinuous nature of the TDD NB-IoT DL, this might result in the support of less  , , and combinations. 
When Part B is used, the TDD NB-IoT configuration of a carrier also needs to be signaled together. This is because NPRS can only occur in DL subframes. The UE needs to know the Certainly, one can always include Part A to indicate which subframe cannot be used, but this is an extra overhead, and it also restrict the possibility of using Part B only to configure NPRS. Moreover, different TDD NB-IoT carriers, e.g., at different frequency bands, may have different TDD configurations, and it may be expected that an NB-IoT UE can measurement NPRS on an FDD carrier. Hence, when only Part B is used, we must signal the TDD configuration of the NPRS carrier to a UE. 
Observation 1: [bookmark: _Ref506544169]When only Part B is used to signal the NPRS configuration in TDD NB-IoT , the TDD NB-IoT  configuration also needs to be signaled.






Due to the periodicity nature of Part B configurations, it would be preferred that the UL subframes are counted but not used when , , and are used to configure the NPRS subframes. This is the same principle as the configuration of the NPDCCH search space. It makes both the eNB and UE easier to track the starting time of the NPRS transmission. However, this means the values of , and  need to be extended, e.g., to accommodate the worst case such as TDD configuration # 1 where at most only four DL subframes are available in each radio frame (assuming non-anchor).  Notice that in order to satisfy a reasonable positioning accuracy expectation, the minimum value of  is 10 in FDD.  
Proposal 21: 

[bookmark: _Ref506543955] Extend the values of, and  in Part B for the NPRS subframe configurations in TDD NB-IoT .
Proposal 22: 


[bookmark: _Ref506543965]The UL subframe are counted but not used when , , and are used to configure the NPRS subframes. 
In Rel-14, NPRS muting is supported to reduce the interference for NPRS detection. Bit strings are used in Part A and Part B to indicate the muting patterns. For Part A, one bit in the string indicates if consecutive 10 subframes are muted or not, and for Part B, one bit in the string indicates if one NPRS occasion is muted or not. In TDD NB-IoT , NPRS muting should also be supported, but the interpretation of the bits in the string in Part A may need to be redefined as a consecutive of 10 DL NPRS subframes. 
Proposal 23: [bookmark: _Ref506543974]NPRS muting is supported in TDD NB-IoT . 
Proposal 24: [bookmark: _Ref506543985]NPRS muting pattern indicated by bit string in Part A should be redefined as one bit indicated a consecutive of 10 DL NPRS subframes to be muted. 
Proposal 25: [bookmark: _Ref506543995]NPRS muting pattern indicated by bit string in Part B can be reused in the NB-IoT FDD design. 

Other issues
In TDD NB-IoT , since in some configurations the number of DL subframes are very limited and due to different users are multiplexed in a TDM fashion, a user with long DL transmission can block other UEs. In the NB-IoT FDD system, the DL gap is introduced to solve this problem. Therefore, the DL gap should also be employed in the TDD NB-IoT system. However, the definition of the DL gap may need to be clarified. That is whether the length of the DL gap is based on the all the subframes, regardless whether it is UL or DL, or the DL gap only counts the DL subframes. If only the DL subframes are counted, the DL gap values in the NB-IoT system can be reused, otherwise, we may need to consider increasing the value of the DL gaps. To have a simplified design, it is proposed that
Proposal 26: [bookmark: _Ref498592596]   The DL gap should also be employed by the TDD NB-IoT system, and the DL gap only counts the DL subframes. 
Conclusions 
Based on the discussions, we have the following observations and proposals. 
Observation 1: Due to the interlaced DL and UL SFs in TDD NB-IoT , the scheduling delay values in DCI N1 may need to be redefined.
Observation 2: When only Part B is used to signal the NPRS configuration in TDD NB-IoT , the TDD NB-IoT  configuration also needs to be signaled.
Proposal 1: Confirm the working assumption that TDD UL:DL configuration 6 is not supported in TDD NB-IoT in Rel-15.
Proposal 2: Send LS to RAN2 to consult the feasibility of reducing the size of SIB1-NB.
Proposal 3: When SIB1-NB is transmitted on a non-anchor carrier, from RAN1 perspective, it is possible and beneficial to support SIB-NB non-anchor carrier to be transmitted on the guard-band, if the anchor carrier is transmitted in the guard-band.
Proposal 4: Signal the LTE system bandwidth needs, if non-anchor carrier is used for SIB1-NB transmission when the anchor carrier is deployed in the guardband scenario.
Proposal 5: In stand-alone operation mode, when SIB1-NB is transmitted on a non-anchor carrier, from RAN1 perspective, it is possible and beneficial to support SIB1-NB to be transmitted non-anchor carrier. The relative frequency offset for the non-anchor carrier to the anchor carrier can be given, e.g., in number of 180 kHz PRBs, or in number of 200 kHz NB-IoT channel bandwidth.
Proposal 6: For NPDSCH without repetition, rate matching is used in the presence of special subframes in an RU, without supporting code rate larger than 0.9 after rate matching.
Proposal 7: For NPDSCH with repetition, the same TBS table is used for TDD NB-IoT as FDD NB-IoT. The special subframes are not counted for the TB mapping, i.e., NSF does not include special subframes.
Proposal 8: For NPDSCH with repetition, the special subframes can be used to repeat its nearest valid subframe on the symbol level.
Proposal 9: For NPDCCH, when Rmax =1 or 2, rate matching can be considered for special subframe, if UE complexity is not a problem.
Proposal 10: For larger Rmax, it is preferred to use special subframes to repeat its nearest valid subframe on the symbol level, and the special subframes are not counted in the number of repetitions in an NPDCCH candidates.
Proposal 11: Do not explicitly impose the 4 ms NPDCCH dropping rule in TDD NB-IoT . That is the UE only drops the NPDCCH candidates in a search space that end before the starting of the next NPDCCH search space.
Proposal 12: Consider extending the range of  in the TDD NB-IoT  design to offer more scheduling flexibilities.
Proposal 13: Consider extending the range of G in the TDD NB-IoT  design to offer more scheduling flexibilities.
Proposal 14: Consider supporting NRS patterns for 4 antenna ports for TDD NB-IoT  and to support SFBC for 4 antenna ports.
Proposal 15:  Before obtaining the operation mode information, the UE may assume NRSs are transmitted in subframes #9 and subframes #0 not containing NSSS.
Proposal 16: After acquiring MIB-NB and before obtaining the SIB1-NB, the UE may assume NRSs are transmitted in subframes #9 and subframes #0 not containing NSSS, and subframe #4, if subframe #4 is configured for SIB1-NB transmission.
Proposal 17: After obtaining the SIB1-NB, the UE may assume NRSs are transmitted in subframes #9 and subframes #0 not containing NSSS, and subframe #4, if subframe #4 is configured for SIB1-NB transmission, as well as other valid DL subframes, including special subframes in which NRSs are supported.
Proposal 18: In normal DL subframes that are used for NPRS transmission, the NPRS generation can be the same as FDD NB-IoT.
Proposal 19: Special subframes are not used for NPRS transmission.
Proposal 20: RAN1 to discuss whether Part A should be a shorter bitmap than 10 bits in TDD NB-IoT  standalone/guardband deployment, and a shorter bitmap than 40 bits in inband deployment indicate the NPRS subframes.
Proposal 21: Extend the values of, and  in Part B for the NPRS subframe configurations in TDD NB-IoT .
Proposal 22: The UL subframe are counted but not used when , , and are used to configure the NPRS subframes.
Proposal 23: NPRS muting is supported in TDD NB-IoT .
Proposal 24: NPRS muting pattern indicated by bit string in Part A should be redefined as one bit indicated a consecutive of 10 DL NPRS subframes to be muted.
Proposal 25: NPRS muting pattern indicated by bit string in Part B can be reused in the NB-IoT FDD design.
Proposal 26: The DL gap should also be employed by the TDD NB-IoT  system, and the DL gap only counts the DL subframes.
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