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[bookmark: _Ref349588338]1. Introduction
[bookmark: _Ref421460494]On design target of physical channels for TDD NB-IoT, the following agreements are made in RAN1 #90b, RAN1 #91 and RAN1 #92 meetings, as
Agreement
· 3.75 kHz is also supported, in UL/DL configurations #1, [#3], #4, with the same definition of NB-slot and resource unit as FDD
Agreement
For NPUSCH in NB-IoT TDD:
· For the NPUSCH transmissions with 15 kHz subcarrier spacing, both Multi-tone (3, 6, 12 subcarriers with RU lengths 4ms, 2ms, 1ms) and single tone (with RU length 8ms) transmissions are supported as in FDD NB-IoT for all the supported TDD configurations in TDD NB-IoT other than the TDD configuration #3 and [#6]. The number of supported subcarriers, and RU lengths for TDD configuration #3 and [#6] is FSS (The number of subcarriers and RU lengths as defined in FDD NB-IoT are not precluded).
Agreements:
· NPRACH for TDD NB-IoT uses only 3.75 kHz as subcarrier spacing.
· NPRACH symbol duration is 266.67us.
· Define the following NPRACH formats

	Format
	Description
	G
	P
	N
	CP length 
	Nominal cell size

	0
	Two symbol groups followed by a guard time fit into 1 UL subframe
	2
	4
	1
	4778 Ts
(~155.5us)
	~23.3km

	1
	Two symbol groups followed by a guard time fit into 2 UL subframes
	2
	4
	2
	8192 Ts
(~266.7us)
	~40.0km

	2
	Two symbol groups followed by a guard time fit into 3 UL subframes
	2
	4
	4
	8192 Ts
(~266.7us)
	~40.0km

	0-a
	Three symbol groups followed by a guard time fit into 1 UL subframe
	3
	6
	1
	1536 Ts
(~49.95us)
	~7.5km

	1-a
	Three symbol groups followed by a guard time fit into 2 UL subframes
	3
	6
	2
	3072 Ts
(~99.9us)
	~15.0km



· FFS how and which format to use for each TDD UL/DL configuration 
· For the table above referring to NPRACH format for TDD NB-IoT, a guard time will be created naturally to fit into one (format 0,0-a), two(format 1, 1-a) or three (format 2) UL subframes .
· FFS the supported number of repetitions for each format

In this contribution, UL related issues, including UL carrier frequency, NPRACH and NPUSCH are discussed in this paper. 
2. UL carrier frequency configuration 
For in-band or guard-band operation mode, NB-IoT will be deployed in LTE in-band or guard. For LTE DL, DC carrier is not counted for PRB definition. However, for LTE UL, DC carrier is put into the middle of two subcarriers. Therefore, shown as Figure 1, there will have ±7.5kHz offset between UL and DL PRB. That is a carrier for NB-IoT. For FDD NB-IoT, because UL carrier frequency is configured in SIB, there is no problem. However, for TDD NB-IoT deploying in-band or guard-band of LTE, UE needs to know the offset (+ or -) between UL and DL carrier frequency to avoid the interference of normal LTE. Similar as FDD system, this offset can be configured in SIB with 1 bit to indicate +7.5kHz or -7.5kHz. For in-band with same PCID, UE can understand the offset of PRB to the center frequency of LTE, there is no need of additional signaling. For in-band not same PCID and guard-band deployment, if there is no indication in MIB (for non-anchor SIB1 transmission), SIB 2 can be used to signal the offset between UL and DL carrier frequency for TDD NB-IoT.
Proposal #1:  Introduce ±7.5kHz offset between UL and DL carrier frequency for TDD NB-IoT for in-band and guard-band deployment. 
Proposal #2: Except for the case that UE can derive the PRB offset from LTE center frequency, the offset between UL and DL is configured in SIB 2. 


Figure 1
Because the low cost of NB-IoT UE, the requirement of OOB is looser than LTE. UE cannot transmit uplink at the edge of guard-band. For FDD NB-IoT, since the frequency of uplink is configured by eNB, no need to special handle this issue. However, for TDD NB-IoT in guard-band deployment, two carriers can be used to transmit DL but only one carrier can be used for uplink transmission, shown as Figure 2. Since the DL overhead is quite heavy, it is benefit to use that DL carrier. In order to use that DL carrier, eNB needs to configure a UL carrier to the corresponding DL carrier. On the other hand, as discussed in [x], from eNB scheduling flexibility point of view, cross carrier scheduling is benefit. Therefore, it is suggested to configure an uplink carrier for TDD NB-IoT for all the deployment modes.
 Proposal #3: At least for guard-band mode, introduce a RRC signaling to configure carrier frequency of uplink for the DL carrier at edge of guard-band. 
[image: ]
Figure 2
3. NPUSCH
3.1 Support of 3.75kHz subcarrier spacing
In RAN 1 #90bis, it was agreed to support 3.75 kHz, in UL/DL configurations #1, [#3], #4, with the same definition of NB-slot and resource unit as FDD. For configuration #1 and #4, there are two consecutive uplink subframes to fill in 2ms NB-slot with 3.75kHz subcarrier spacing. For configuration #3, there are three consecutive uplink subframes, considering part of one subframe may be used to transmit NPRACH, it is reasonable to support 3.75kHz with the rest two consecutive subframes without redesign of DMRS. However, if the first subframe or the last subframe is not occupied by NPRACH, it is better not schedule a 3.75kHz subcarrier spacing. If there is no NPRACH on the first subframe, NPUSCH with 3.75kHz only transmit on the first two consecutive uplink subframes and skip the third uplink subframe for UL/DL configuration #3. For UL/DL configuration #1 and #4, if NPRACH only occupies 1ms, in this case, PUSCH with 3.75kHz may only schedule on the subcarriers not transmitted NPRACH to ensure two consecutive uplink subframes. 
Proposal #4: Support 3.75kHz in UL/DL configuration #3. 
Proposal #5: NPUSCH with 3.75kHz transmits on consecutive 2ms NB-slot, i.e., postponed until there are two consecutive uplink subframes.
3.2 UCI transmission
For 15kHz subcarrier spacing, RU is defined as 2ms for NPUSCH format 2 with one subcarrier spacing. As shown in [2], with 2ms TTI, NPUSCH format 2 can achieve 152.2dB MCL. For UL/DL configuration #2 and #5, there is no two consecutive subframes, therefore, the ACK/NACK feedback for NPDSCH at least needs 12ms +6ms or 11ms with 2ms RU for NPUSCH format 2. On the other hand, considering most of the UEs are in normal coverage, with 1ms RU for NPUSCH format 2, the coverage is expected to be about 149dB, which is sufficient for most of the UEs in a cell. On the other hand, in order not to increase UE complexity, 12ms shall be maintained for HARQ feedback. NPUSCH format 2 can be transmitted on the first (valid) uplink resource after 12ms. In FDD, the HARQ timing is 12ms + {0 2 4 5}ms. However, for TDD system, it is not very suitable to reuse millisecond as the granularity because the uplink subframe is not consecutive.  The offset is to avoid the collision to another NPUSCH, therefore, the HARQ timing can be changed to 12ms + {0, 1, 2, 4} (valid) uplink subframes, similar as scheduling delay for NPDSCH. 
Proposal #6: Defined a new RU with 2 slots for NPUSCH format 2 at least for 15kHz subcarrier spacing.  
Proposal #7: NPUSCH format 2 is transmitted start from {0, 1, 2, 4} (valid) UL subframe after 12ms.
In TDD system, different UL/DL configurations, the resource for UL and DL may be not balanced. For example, UL/DL configuration #2, there are only two uplink subframes. In order to be able to achieve the peak data rate, i.e., 12 tones scheduling for NPUSCH format 1, it is better to support cross carrier scheduling as discussed in [3]. Similar mechanism can be adopted for NPUSCH format 2. NPUSCH format 2 may be transmitted on the carrier same or different from NPDSCH and/or NPDCCH scheduled NPDSCH. The carrier for UCI transmission can be configured by RRC. 
Proposal #8: The carrier for NPUSCH format 2 is configured by RRC. 
Table 1: Uplink-downlink configurations (Table 4.2-2 in TS 36.211)
	Uplink-downlink 
configuration
	Downlink-to-Uplink 
Switch-point periodicity
	Subframe number

	 
	 
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	[bookmark: _Hlk498442207]2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

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



[bookmark: OLE_LINK1][bookmark: OLE_LINK2]4. NPRACH
In FDD NB-IoT system, NPRACH is based on single-subcarrier frequency-hopping symbol groups, where a symbol group consists of a cyclic prefix and a sequence of 5 identical symbols. Two frequency hopping distances are introduced between four symbols groups, i.e., 3.75kHz and 22.5kHz, to provide a decent accuracy of timing advance and support a larger cell range. NPRACH can repeat several times without gaps to provide a larger coverage. 
Based on the agreement, within 1, 2, 3 contiguous uplink subframe, NPRACH formats which can be fit into 1, 2, 3 UL subframes was defined in RAN1#92 meeting. For some UL/DL configuration with multiple contiguous uplink subframes, eNB can configure a NPRACH format with shorter duration than the contiguous subframes with repetitions. For example, in TDD UL/DL configuration #0 and #3, 3 contiguous UL subframes can be used to transmit NPRACH format 2 at once, or transmit NPRACH format 0 with 3 repetitions. However, compared with a single NPRACH format with longer duration, shorter NPRACH format with repetitions will introduce more overhead since unnecessary CP and guard time is introduced, which results in performance degradation. Therefore, short NPRACH format with repetitions transmitted in multiple contiguous UL subframes is uncompetitive.
On the contrary, when shorter NPRACH format is used without repetitions in contiguous UL subframes, the remaining unused UL subframe can be used to transmit NPUSCH format 1 or format 2, in order to alleviate the uplink blocking caused by NPRACH. 
Compared with FDD, NPRACH blocks NPUSCH transmission more severely since the duration of NPRACH resource could be several times of the duration in FDD under different TDD UL/DL configurations. When NPRACH resource is configured in a subframe, an example of uplink blocking caused by NPRACH is shown in Figure 3:
· HARQ-ACK feedback can be scheduled in subcarrier #0, 1, 2, 3 with NPUSCH subcarrier spacing of 15KHz. Therefore, at least subcarrier #0, 1, 2 in a PRB should be reserved for HARQ-ACK transmission. Considering that in TDD NB-IoT, transmission of HARQ-ACK feedback needs to be postponed until valid uplink subframe, the probability of HARQ-ACK transmission occurring in a UL subframe is higher than FDD. Therefore to reserve the lowest 3 tones becomes more necessary. Otherwise if no resource is reserved, HARQ-ACK transmission needs to be postponed after the UL subframes configured as NPRACH resources, which will introduce very large latency and might lead to HARQ timer expiration.
· If NPUSCH subcarrier spacing of 3.75KHz is supported, HARQ-ACK feedback can be scheduled in subcarrier #38~45. Therefore subcarrier #9, 10, 11 should be reserved for HARQ-ACK transmission as well.
· The middle 6 subcarriers can be configured as NPRACH resources and NPUSCH resources. As shown in Figure 3, subcarrier #3~5 are configured as NPRACH resource, and subcarrier #4~6 can be scheduled for 3-tone NPUSCH transmission. 


Figure 3
Since at most 3-tone NPUSCH can be transmitted when NPRACH resource is configured in a subframe, and in TDD the duration of NPRACH resource might be very long, the peak rate of NPUSCH will be limited during a long interval. 
Therefore, if NPRACH resources are configured in part of the contiguous UL subframes, the rest of UL subframes can be used for NPUSCH transmission. For the 1, 2, 3 contiguous UL subframes of TDD UL/DL configurations, UE transmits NPRACH with eNodeB configured formats from the first UL subframe after DL/UL switching one time before the next DL/UL switching. Scheduled NPUSCH transmission in the remained UL subframes, if there are any, is not postponed. Two examples with configured NPRACH formats fitting into 1 UL subframes and 2 UL subframes are provided in Figure 4. This solution naturally support UL/DL configuration #6 using same NPRACH format in the first UL subframe burst and the second UL subframe burst in the same radio subframe though the two bursts have different length. 


Figure 4
Proposal #9: for different TDD UL/DL configurations, the following NPRACH formats are supported:
· For TDD UL/DL configuration #2, 5, support NPRACH format 0, 0-a;
· For TDD UL/DL configuration #1, 4, 6, support NPRACH format 0, 0-a, 1, 1-a;
· For TDD UL/DL configuration #0, 3, support all NPRACH formats.
Proposal #10: Support to configure a NPRACH format shorter than the length of contiguous UL subframes. UE transmits the NPRACH format once after each special subframe.
[bookmark: _GoBack]Proposal #11: NPUSCH transmission is not postponed in UL subframes in which NPRACH resource is not configured.
4. Conclusion
Based analysis above, we have the following observations and proposal, 
Proposal #1:  Introduce ±7.5kHz offset between UL and DL carrier frequency for TDD NB-IoT for in-band and guard-band deployment. 
Proposal #2: Except for the case that UE can derive the PRB offset from LTE center frequency, the offset between UL and DL is configured in SIB 2. 
Proposal #3: At least for guard-band mode, introduce a RRC signaling to configure carrier frequency of uplink for the DL carrier at edge of guard-band. 
Proposal #4: Support 3.75kHz in UL/DL configuration #3. 
Proposal #5: NPUSCH with 3.75kHz transmits on consecutive 2ms NB-slot, i.e., postponed until there are two consecutive uplink subframes.
Proposal #6: Defined a new RU with 2 slots for NPUSCH format 2 at least for 15kHz subcarrier spacing.  
Proposal #7: NPUSCH format 2 is transmitted start from {0, 1, 2, 4} (valid) UL subframe after 12ms.
Proposal #8: The carrier for NPUSCH format 2 is configured by RRC. 
Proposal #9: for different TDD UL/DL configurations, the following NPRACH formats are supported:
· For TDD UL/DL configuration #2, 5, support NPRACH format 0, 0-a;
· For TDD UL/DL configuration #1, 4, 6, support NPRACH format 0, 0-a, 1, 1-a;
· For TDD UL/DL configuration #0, 3, support all NPRACH formats.
Proposal #10: Support to configure a NPRACH format shorter than the length of contiguous UL subframes. UE transmits the NPRACH format once after each special subframe.
Proposal #11: NPUSCH transmission is not postponed in UL subframes in which NPRACH resource is not configured.
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