3GPP TSG RAN WG1 Meeting #90                                         R1-1713013
Prague, Czechia, 21st – 25th August 2017
Source:               ZTE

Title:                    Considerations on common aspects to support TDD NB-IoT
Agenda item:      5.2.7.6.3
Document for:    Discussion and Decision
1 Introduction
In RAN #76 meeting, revised WID RP-171428 on Further NB-IoT enhancements was adopted [1]. One of the objectives is to support for TDD.
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 this contribution, we discuss the common aspects to support for TDD NB-IoT.
2 Design baseline of Rel-15 TDD NB-IoT
Rel-13 NB-IoT features should be supported in Rel-15 TDD NB-IoT. Multicast, positioning, and non-anchor PRB enhancement features have been standardized in Rel-14 NB-IoT. The standardization work to introduce these Rel-14 features into TDD NB-IoT is not complicated. Considering that TDD NB-IoT and FDD NB-IoT have the similar use cases, multicast and positioning features in Rel-14 NB-IoT enhancement should also be supported. For support of positioning, detailed consideration is provided in [2]. From perspective of expanding system capacity, multi-carrier operation for unicast transmission should be supported for TDD NB-IoT. In this case, multi-carrier operation in FDD NB-IoT can be reused for TDD NB-IoT. Specially, the combination of inband + inband, inband + guardband, guardband + guardband, and standalone + standalone should be allowed for multi-carrier operation in TDD NB-IoT. In addition, the overload of paging and NPRACH in anchor carrier may be more serious in TDD NB-IoT, non-anchor PRB enhancement feature for TDD is more crucial than FDD. Furthermore, current Rel-15 enhancements for FDD NB-IoT such as NPRACH reliability, latency and power consumption reduction are also very important for TDD NB-IoT. Common design for both FDD and TDD can be studied if Rel-15 FDD NB-IoT features such like SR and non-contention NPRACH are also supported for TDD.
Proposal 1: Besides Rel-13 features, positioning and non-anchor PRB enhancement in Rel-14 NB-IoT should be taken as the design baseline for Rel-15 TDD NB-IoT. 
· Multi-carrier operation in Rel-13 FDD NB-IoT and non-anchor PRB enhancement in Rel-14 can be reused for TDD NB-IoT.
· Positioning in Rel-14 FDD NB-IoT can be reused for TDD NB-IoT.
Proposal 2: Rel-15 NB-IoT enhancement features, especially NPRACH reliability enhancement, are supported for Rel-15 TDD NB-IoT.
· Common design of FDD and TDD should be considered for Rel-15 NB-IoT enhancements features.
3 Considerations on requirement relaxation for TDD
Coverage requirement of FDD NB-IoT system in Rel-13 is 164 dB MCL. In addition, the target for coverage should be 164 dB for 5G mMTC as defined in [3]. Considering that the TDD NB-IoT system also should support the devices deployed in the deep basement, the 164 dB MCL target should not be relaxed for TDD NB-IoT. The number of repetitions for DL/UL physical channels in FDD NB-IoT system can be reused for TDD NB-IoT. In this case, when TDD NB-IoT system is deployed in high frequency band, the coverage range would be reduced since the path loss and penetration loss of high frequency bands are relatively larger than that of low frequency bands. The available downlink or uplink subframe resources in TDD NB-IoT system may be much less compared with FDD NB-IoT system, so the targets of latency, peak data rate, battery life and capacity of single carrier may be relaxed to some extent. 
Proposal 3: MCL target of 164dB should not be relaxed for TDD NB-IoT.
Proposal 4: Targets of latency, peak data rate, battery life and capacity targets may be relaxed for TDD NB-IoT.
4 Considerations on frame configuration for TDD
Whether to restrict TDD uplink-downlink configuration depends on the transmission mode of common channels (e.g., NPSS/NSSS, MIB-NB and SIB1-NB). For TDD uplink-downlink configuration 0, there is only one downlink subframe within 5 ms downlink-to-uplink switch-point periodicity. Assuming that all common channels of TDD NB-IoT are transmitted on anchor carrier, to ensure the acceptable system information acquisition latency, the majority of downlink subframes should be used for common channel transmission. In this case, the subframes which can be used for downlink control and traffic are very limited, thus downlink control and traffic scheduling would be seriously blocked. To mitigate the block issue for TDD uplink-downlink configuration 0, only special subframe configurations with DwPTS large enough for downlink control and traffic transmission can be configured. 
If common channels (e.g., SIB1-NB) can be transmitted on non-anchor carriers, the block issue of downlink control and traffic scheduling caused by common channels can be resolved. In this case, there is no need to restrict TDD uplink-downlink configurations or special subframe configurations. 
For TDD uplink-downlink configuration 5, uplink traffic may be blocked since there is only one uplink subframe within 10 ms downlink-to-uplink switch-point periodicity. Considering that uplink transmission is the key use case of NB-IoT system, uplink-downlink configuration 5 is not supported for TDD NB-IoT.
Observation 1: For TDD uplink-downlink configuration 0, when special subframes are not available, downlink control and traffic scheduling may be seriously blocked.
Observation 2:  For TDD uplink-downlink configuration 5, uplink traffic may be blocked.
For different special subframe configurations, the OFDM symbols available for downlink transmission are different. The NB-IoT UEs don’t know the special subframe configuration before decoding SIB1-NB. It may be feasible to take special subframe configuration with minimum downlink OFDM symbols as default configuration if common channels are transmitted on special subframe. However, minimum number of downlink OFDM symbols in a special subframe is 3 and the first two symbols should be reserved for legacy PDCCH for in-band operation mode. In this case, special subframe is not appropriate for NPSS/NSSS/NPBCH/SIB1-NB transmission. Based on the assumption that latency requirement can be relaxed for TDD NB-IoT, it would not have significant impact if NPSS/NSSS/NPBCH/SIB1-NB transmission is not allowed in special subframes. After the UE acquiring SIB1-NB, special subframes may be used for other downlink transmission except for NPSS/NSSS/NPBCH/SIB1-NB.
Proposal 5: Special subframe is not used for NPSS/NSSS/NPBCH/SIB1-NB transmission. 
For Guard band operation mode, TDD configuration of guard band should be aligned with that of in-band region to avoid downlink and uplink interference. So, the uplink-downlink configuration and special subframe configuration of guard band and in-band should be the same for TDD NB-IoT.  
Proposal 6: For guard band operation mode, reusing uplink-downlink configurations and special subframe configurations of in-band operation mode.
For standalone operation mode, independent design is feasible. However, from the perspective of simple/common design, reusing uplink-downlink configurations and special subframe configurations of in-band/guard band operation mode should be considered as high priority. Further optimization can be studied according to the use cases for standalone operation mode.
Proposal 7: For standalone operation mode, reusing uplink-downlink configurations and special subframe configurations of in-band operation mode is baseline. 
· FFS on further optimization
5 Impact on HARQ timing for TDD
In FDD NB-IoT, the NPUSCH scheduling timing is indicated dynamically by DCI. For example, if the ending subframe of NPDCCH is in subframe n, the UE will start to transmit NPUSCH after subframe n+k0, where k0 is indicated by DCI with the following values shown in Table 1.
Table 1: scheduling delay of NPUSCH
	
[image: image1.wmf]Delay

I


	
[image: image2.wmf]0

k



	0
	8

	1
	16

	2
	32

	3
	64


If value k0 in Rel-13 NB-IoT is directly reused for TDD, the subframe for NPUSCH transmission may be downlink subframe. An example is shown in Figure 1, the UE detects NPDCCH in subframe #4 of radio frame n, if k0=16 is indicated in DCI, the corresponding subframe for NPUSCH transmission is a downlink subframe which cannot  be used for NPUSCH transmission. A simple solution is to postpone the NPUSCH transmission to next available subframe. 
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Figure 1 Example of NPUSCH scheduling timing
This issue also exists in ACK/NACK transmission. The subframe determined by HARQ timing between NPDSCH and NPUSCH format 2 may also be invalid for ACK/NACK transmission. It should be postponed to next available subframe for NPUSCH format 2 transmission. As shown in Figure 2, if 2 HARQ processes are supported in TDD NB-IoT, multiple ACK/NACKs transmitted in the same subframe needs further study.
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Figure 2  Example of HARQ timing
Observation 3: For TDD NB-IoT, if HARQ timing in FDD NB-IoT is directly reused, the subframe for NPUSCH transmission may be downlink subframe.
In NPDSCH scheduling timing of FDD NB-IoT, the gap between end of NPDCCH and the start of the associated NPDSCH equals k0 valid DL subframes + 4 ms. In current FDD NB-IoT specification, 4-ms gap is described as ‘4 DL subframes’.  However, since DL subframes are not always consecutive for TDD, gap of ‘4 DL subframes’ is not equivalent to 4 ms. If NPDSCH scheduling timing of FDD NB-IoT is reused for TDD, additional standardization work is needed to address the 4-ms gap. 
Observation 4: For TDD NB-IoT, if the downlink scheduling timing in FDD NB-IoT is directly reused, additional standardization work is needed to address the 4-ms gap.
Proposal 8: For TDD NB-IoT, dynamic HARQ timing in Rel-13 FDD NB-IoT can be reused. 
· FFS on the details
6 Conclusions

In this contribution, we have discussed the common aspects to support TDD NB-IoT. We make the following observations and proposals:
Observation 1: For TDD uplink-downlink configuration 0, when special subframes are not available, downlink control and traffic scheduling may be seriously blocked.
Observation 2:  For TDD uplink-downlink configuration 5, uplink traffic may be blocked.
Observation 3: For TDD NB-IoT, if HARQ timing in FDD NB-IoT is directly reused, the subframe for NPUSCH transmission may be downlink subframe.
Observation 4: For TDD NB-IoT, if the downlink scheduling timing in FDD NB-IoT is directly reused, additional standardization work is needed to address the 4-ms gap.
 Proposal 1: Besides Rel-13 features, positioning and non-anchor PRB enhancement in Rel-14 NB-IoT should be taken as the design baseline for Rel-15 TDD NB-IoT. 
· Multi-carrier operation in Rel-13 FDD NB-IoT and non-anchor PRB enhancement in Rel-14 can be reused for TDD NB-IoT.
· Positioning in Rel-14 FDD NB-IoT can be reused for TDD NB-IoT.
Proposal 2: Rel-15 NB-IoT enhancement features, especially NPRACH reliability enhancement, are supported for Rel-15 TDD NB-IoT.
· Common design of FDD and TDD should be considered for Rel-15 NB-IoT enhancements features.
Proposal 3: MCL target of 164dB should not be relaxed for TDD NB-IoT.
Proposal 4: Targets of latency, peak data rate, battery life and capacity targets may be relaxed for TDD NB-IoT.
Proposal 5: Special subframe is not used for NPSS/NSSS/NPBCH/SIB1-NB transmission. 
Proposal 6: For guard band operation mode, reusing uplink-downlink configurations and special subframe configurations of in-band operation mode.
Proposal 7: For standalone operation mode, reusing uplink-downlink configurations and special subframe configurations of in-band operation mode is baseline. 
· FFS on further optimization
Proposal 8: For TDD NB-IoT, dynamic HARQ timing in Rel-13 FDD NB-IoT is reused. 
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