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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 #92b meeting as
Agreement
Mapping table for TDD UL/DL configuration and TDD NPRACH formats is list in Table X
· FFS configuration 6 if it is supported
· Transmit Format 0 and Format 0-a in all NPRACH subframes, and aligned with subframe boundary
Table X Mapping table for UL/DL configuration and NPRACH format
	UL/DL Configuration index
	Format 0
	Format 1
	Format 2
	Format 0-a
	Format 1-a

	1
	√
	√
	
	√
	√

	2
	√
	
	
	√
	

	[3]
	[√]
	
	[√]
	[√]
	

	4
	√
	√
	
	√
	√

	5
	√
	
	
	√
	



Agreement
For NPUSCH transmission with 15 kHz subcarrier spacing, the number of subcarriers supported in TDD UL/DL configuration #3 is 1, 3, 6 and 12.
· RU length reuses FDD
Agreement
· For TDD NB-IoT with 15 kHz subcarrier spacing, the resource unit of NPUSCH format 2 is single tone with RU length 2 ms.
· The previous agreement above refers to NPUSCH format 1
Agreement
3.75kHz subcarrier spacing is not supported for TDD UL/DL configuration #3.

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.
Proposal #1:  Introduce ±7.5kHz offset between UL and DL carrier frequency for TDD NB-IoT for in-band and guard-band deployment.  
For anchor carrier for both in-band and guard-band deployments, UE can acquire the information of in higher or lower frequency side (left or right side of DC carrier) with channel raster. However, for non-anchor carrier, because UE doesn’t know the system bandwidth, UE cannot derive the non-anchor carrier locates on which side of DC carrier. Therefore, at least for in-band mode, the offset between UL and DL carrier shall be signaled with dedicated RRC signaling for non-anchor configuration. 
For guard-band mode, if SIB1-NB can be transmitted on the other side of system, UE will obtain system bandwidth based on the signaling in MIB-NB. In this case, without this UL/DL carrier offset, UE can still derive the  non-anchor PRB location. But for other cases, the UL/DL carrier offset is still needed. 
Proposal #2: Introduce a RRC signaling to indicate UL/DL carrier offset in the RRC message for non-anchor carrier configuration at least for in-band and guard-band without information of LTE system bandwidth.  



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 specially 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 [2], 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.
If no paired UL carrier is configured, for the purpose of relaxing DL overhead, the unpaired DL carrier can be configured to transmit some DL signals which need no UL response, e.g. SIBs, SC-PTM and paging.
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: If DL carrier in guard-band is not configured with a paired UL carrier, it can be used to transmit SIBs, SC-PTM and paging.
[image: ]
Figure 2
3. NPUSCH
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 #5: 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



Early termination for NPUSCH transmission was discussed in MTC. Similarly, the concept can be introduced for NB-IoT in TDD with natural utilization of the interlaced UL/DL subframe structure. However, in order to reduce the complexity and specification impact of early termination in TDD NB-IoT, no new mechanism (i.e., new NPDCCH search space) should be introduced, and the design of early termination in MTC should be reused as much as possible.
Specifically, the early termination could be indicated by legacy UL grant with new data indicator and HARQ process ID of the ongoing UL transmission. UE receives UL grant carrying new data scheduling, then early terminates the ongoing NPUSCH transmission and prepare new data.
Proposal #6: Early termination can be defined as an optional capability in TDD NB-IoT. UL grant carrying NDI for the ongoing UL HARQ process can be used to trigger early termination.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]4. NPRACH
In last meetings, the supported NPRACH formats in each UL/DL configurations were discussed.  
However, when some UL subframes in a UL burst in a radio frame are configured as invalid, the UE behavior of NPRACH transmission should be clarified. For example, when at least one UL subframe of the first two consecutive UL subframes (subframe #2~#3) in TDD UL/DL configuration #1 is configured as invalid, NPRACH format 1/1-a should not be transmitted when there are notwo consecutive UL subframes, and postponed to next UL transmission chance with two consecutive UL subframe. 
Proposal #7: When there are no enough consecutive UL subframes to transmit a NPRACH block, postpone the NPRACH to next UL chance with enough consecutive UL subframes. 
There is one open issue on the support NPRACH format(s) for UL/DL configuration # 3, which has 3 consecutive UL subframes. As discussed above, it UL subframe may be configured as invalid subframe, in this case,  it is reasonable to configure other NPRACH format(s) than NPRACH format 2. NPRACH format 0 with 1ms shall be supported, as well as NPRACH format 1 with less CP overhead. On the other hand, as discussed in [3], there is benefit if some UL resource can be used for NPUSCH transmission. Therefore, even when there is no invalid UL subframe configured by eNB, NPRACH format 0 and 1 can also be supported in UL/DL configuration 3. At this time, in order to use the third UL subframe,  it is suggested to not treat the third subfame as part of NPRACH resource. 
for the 3 consecutive UL subframes in configuration #3 and #6, UE transmits NPRACH format 1/1-a with 2ms length from the first UL subframe after DL/UL switching one time before the next DL/UL switching (i.e. subframe #2~#3). The ongoing NPUSCH transmission, if there are any, in the remaining UL subframe (i.e. subframe #4) is not postponed, as shown 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 #8: For TDD UL/DL configuration # 3 and #6, all NPRACH formats are supported.
Proposal #9: For TDD UL/DL configuration # 3 and #6, NPUSCH can be transmitted on the third UL subframe of the three consecutive subframes with in NPRRACH transmission.
For FDD NB-IoT system, NPRACH resource can be partitioned into two set of resources to indicate if UE can support multi-tone NPUSCH transmission. Since TDD NB-IoT system is introduced in Rel-15, all the Rel-15 NB-IoT UEs shall be able to support multi-tone. Without support multi-tone, the uplink data rate is too low for even IoT traffic. Therefore, there is no need to partitioning NPRACH anymore. This can also avoid NPRACH resource segmentation.  
Proposal #10: Do not support NPRACH resource partition to indicate the support of multi-tone, i.e., Multi-tone transmission is mandatory for TDD NB-IoT UEs.  
4. Conclusion
Based analysis above, we have the following observations and proposal, 
Observation #1: Compared with long NPRACH format, short NPRACH format with repetitions transmitted in multiple contiguous UL subframes have higher CP overhead and worse performance.
Observation 2: In TDD NB-IoT, the peak rate of NPUSCH is limited during NPRACH transmission, which could be a very long time interval under some TDD UL/DL configurations.
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: Introduce a RRC signaling to indicate UL/DL carrier offset in the RRC message for non-anchor carrier configuration at least for in-band and guard-band without information of LTE system bandwidth.  
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: If DL carrier in guard-band is not configured with a paired UL carrier, it can be used to transmit SIBs, SC-PTM and paging.
Proposal #5: The carrier for NPUSCH format 2 is configured by RRC. 
Proposal #6: Early termination can be defined as an optional capability in TDD NB-IoT. UL grant carrying NDI for the ongoing UL HARQ process can be used to trigger early termination.
Proposal #7: When there are no enough consecutive UL subframes to transmit a NPRACH block, postpone the NPRACH to next UL chance with enough consecutive UL subframes. Proposal #8: For TDD UL/DL configuration #3 and #6, all NPRACH formats are a is supported.
Proposal #9: For TDD UL/DL configuration # 3 and #6, NPUSCH can be transmitted on the third UL subframe of the three consecutive subframes with in NPRRACH transmission.
Proposal #10: Do not support NPRACH resource partition to indicate the support of multi-tone, i.e., Multi-tone transmission is mandatory for TDD NB-IoT UEs.   
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