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1 Introduction

One of the objectives of Rel-15 NB-IoT WID is TDD support for in-band, guard-band, and standalone operation modes of NB-IoT [1]. 
In RAN1#92bis, the following agreements are reached regarding DL aspects of TDD support in NB-IoT [2]:

· 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, we discuss the remaining issues on DL aspects of TDD support in NB-IoT.
2 SIB1-NB

For non-anchor carrier transmission of SIB1-NB, it is agreed in RAN1#92bis that MIB-NB has 3 bits to indicate the number of repetitions/TBS and has 1 bit to indicate the frequency domain location of SIB1-NB non-anchor carrier. For consistency, the existing SIB1-NB scheduling bits in MIB-NB can also be reinterpreted for indicating SIB1-NB transmission on a non-anchor carrier. Such as, the frequency location and the number of repetitions/TBS can be indicated by schedulingInfoSIB1 as Table1 shows, subframes used for SIB1-NB transmission is preconfigured.
Table 1 Indication of TBS, repetition number and frequency location for non-anchor SIB1-NB transmission
	Value of schedulingInfoSIB1
	Number of NPDSCH repetitions
	Frequency location
	TBS

	0000
	8
	Lower PRB
	208

	0001
	16
	Lower PRB
	208

	0010
	8
	Lower PRB
	328

	0011
	16
	Lower PRB
	328

	0100
	8
	Lower PRB
	440

	0101
	16
	Lower PRB
	440

	0110
	8
	Lower PRB
	680

	0111
	16
	Lower PRB
	680

	1000
	8
	Higher PRB
	208

	1001
	16
	Higher PRB
	208

	1010
	8
	Higher PRB
	328

	1011
	16
	Higher PRB
	328

	1100
	8
	Higher PRB
	440

	1101
	16
	Higher PRB
	440

	1110
	8
	Higher PRB
	680

	1111
	16
	Higher PRB
	680


Lower PRB means non-anchor carrier is in lower PRB relative to anchor PRB and higher PRB means non-anchor carrier is in higher PRB relative to anchor PRB. For In-band anchor + in-band non-anchor, frequency offset between anchor carrier and non-anchor carrier can be preconfigured, such as 180KHz. For guard-band anchor + guard-band/ in-band non-anchor, if LTE system bandwidth is 5MHz, the guard-band in each side of LTE system only has 250KHz and the non-anchor carrier cannot be in adjacent PRB relative to anchor PRB, so for consistency, the frequency offset between anchor carrier and non-anchor carrier can be indicated by the MIB 3 spare bits of Guardband-NB-r13. For standalone anchor + standalone non-anchor, this frequency offset can be indicated by the MIB 5 spare bits of Standalone-NB-r13. How the spare bits indicating the frequency offset needs to be studied further.
Proposal 1: SIB1-NB scheduling bits in MIB-NB can be used to indicate the frequency location and the number of repetitions/TBS of non-anchor SIB1-NB transmission.
3 NPDCCH/NPDSCH

RAN1#92 agreed that transmission in DwPTS is supported for in-band when the number of OFDM symbols in DwPTS is greater than 3 and transmission in DwPTS is supported for guard-band and standalone for all DwPTS configurations. So for NPDSCH, we propose one DwPTS with sufficient symbols can be considered as a single RU for the transmission of NPDSCH without repetition. The resource mapping can be done according to the available REs in the DwPTS. For NPDSCH with repetitions, two options can be considered for the resource mapping on DwPTS. One is to do resource mapping according to the available REs. The other is to do resource mapping as normal subframe but puncture the symbols on GP and UpPTS. The second option is better to get the symbol level combination gain.

Proposal 2: One DwPTS with sufficient symbols can be considered as a single RU for the transmission of NPDSCH without repetition. FFS the case NPDSCH with repetitions. 
In legacy FDD NPDCCH, two NCCEs are defined on a subframe. The upper 6 subcarriers are allocated to one NCCE and lower 6 subcarriers are allocated to the other NCCE within a PRB pair. In TDD NB-IoT, for DwPTS with sufficient symbols (e.g., DwPTS >= 6 symbols), it can be considered to map one NCCE on 6 consecutive OFDM symbols following the symbols reserved for legacy PDCCH on all 12 subcarriers. Consequently, a TDD NB-IoT UE can monitor the set {1, 1, 1} for the reception of one NPDCCH within a DwPTS. For the case in which there exist additional symbols of DwPTS after mapping NPDCCH, the same contents of earlier NPDCCH resource can be transmitted. Or it can be used to send additional reference symbols. If repetitions are required for NPDCCH, the solutions of using DwPTS for NPDCCH are FFS.

Proposal 3: One DwPTS with sufficient symbols can be considered for the transmission of NPDCCH without repetition. An NCCE can be mapped on 6 consecutive OFDM symbols on all 12 subcarriers within one DwPTS. FFS the case NPDCCH with repetitions.
Proposal 4: For the case in which there exist additional symbols of DwPTS after mapping NPDCCH, the same contents of earlier NPDCCH resource can be transmitted. Or it can be used to send additional reference symbols. 

Furthermore, the modification of the legacy special subframe can also be considered. For example, as shown in Figure 1, the legacy special subframe and subsequent UL subframe contents can be modified, creating an equivalent radio frame containing more DL subframes with some reduction to the UL resources. Consequently, more DL resources can be obtained for the transmission of NPDCCH/NPDSCH. This option does not cause any inter-cell interference issue for guard band deployments. But there may be some increased DL interference in the extended part from uplink transmission of neighboring LTE cells. The impact and possible solutions need to be further studied.
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Figure 1. An example of extended special subframe.
Proposal 5. New special subframe configurations can be considered to increase DL resources in special subframe.
4 Paging Impacts for NB-IoT TDD

Subframe Pattern for Paging Occasion 
In idle mode UE listens to downlink for NPDCCH only during its Paging occasion within the DRX cycle. The paging occasion is defined as subframe where there may be NPDCCH which points to the paging message for the UE. Paging frame (PF) is defined as radio frame which contains the paging occasion. 

In LTE, 4 subframes (#0, #4, #5 and #9) within radio frame can be assigned as paging occasion. Same subframes are applicable for paging to NB-IoT UE also in existing system. For NB-IoT the PO subframe refers the subframe at which the NPDCCH search space for the PO starts. In case if the subframe assigned for PO is occupied by common control channel the PO starts in next following subframe.
For LTE TDD systems, the PO subframes are assigned to subframe#1 and #6 (if P-RNTI is transmitted on MPDCCH with system bandwidth of 1.4MHz and 3MHz), or subframe#0, #1, #5 and #6 (if P-RNTI is transmitted on PDCCH, or if P-RNTI is transmitted on MPDCCH with system bandwidth > 3MHz). Subframe#1 and subframe#6 are the special subframes. For LTE, the NPDCCH can be mapped onto first 2 or 3 OFDM symbols of special subframes depending on special subframe configuration. For NB-IoT, one NPDCCH transmission requires 11 OFDM symbols and 6 subcarriers for mapping a single NPDCCH. As the number of symbols available on subframe#1 and subframe#6 are not sufficient for mapping NPDCCH, NB-IoT TDD system cannot directly use the same PO subframe pattern of TDD.

Observation 1: The subframes pattern for paging occasion of LTE TDD system cannot be reused for NB-IoT due to lesser resources available to map NPDCCH CE in these subframes.

For NB-IoT TDD, the paging subframe should be assigned to any of valid downlink subframes corresponding to the UL-DL configuration of the cell. As the agreements in RAN1#90bis, subframe#5 and subframe#9 are fully used for NPSS and NPBCH channels. NSSS and SIB1-NB are mapped to subframe#0. Other valid downlink subframes can be considered as paging subframe.

Proposal 6: For NB-IoT TDD system, any valid downlink subframes other than subframe#0, subframe#5 and subframe#9 can be considered as paging subframe. 

Use of special subframe as paging subframe depending on whether NPDCCH can be mapped over special subframes with minimum impacts. If NPDCCH mapping on special subframes is possible special subframes also can be considered as paging subframes.

Proposal 7: Subframe#1 and Subframe#6 can be considered for paging subframe if NPDCCH can be mapped onto special subframe for all valid special subframe configurations for NB-IoT TDD.
NPDCCH Search Space for Paging

In NB-IoT FDD systems, the CSS for paging starts at each PO and extends for Rmax configured for paging search space. Number of paging occasions within eDRX cycle is determined based on NB value. More the number of paging occasions lesser the need for UE to read the NPDSCH as the number of UE grouped for paging occasion is lesser with more number of PO. Lesser the number of paging occasions, the UE will receive valid PRNTI in NDPCCH with not finding its paging record in the paging message on NPDSCH. Here the false decoding probability is higher.
The distance between the PO is determined by the number of paging occasions. If the distance between the PO is smaller than the Rmax of CSS for paging, it is possible that NPDCCH of one PO extends into another PO. This will lead to UE in next PO wakes up and decode the NPDCCH followed by attempt to decode the NPDSCH which will eventually fail because the NPDSCH resource locations are assigned with reference to the start of NPDCCH of earlier PO.

This problem exists for NB-IoT FDD system also but the problem can be avoided by defining lesser number of PO ensuring that the CSS-Paging of one PO completes prior to next PO. The estimated paging load in NB-IoT system is lesser so that probability two pages occurring in consecutive paging occasions is low and chances of failure in decoding due to overlapping of search space is thus minimum.

In NB-IoT TDD system where only limited DL subframes are available, the search space will extend for more number of radio frames. For example, CSS-Paging with Rmax=256 will extend up to 128 radio frames. In this case, if search space overlapping needs to be avoided between PO, very less number of PO only can be configured. Such configuration will lead to lesser energy efficiency for UE as the UE may find valid P-RNTI most of the cases and thus will also decode NPDSCH.

Observation 2: CSS For paging in NB-IoT TDD system will extend for higher number of radio frames due to limited number of DL subframes available per radio frame. As the search space is spanned across multiple radio frames, NPDCCH transmissions of successive paging occasions will overlap thus result in increasing the probability of decoding failure of paging messages.
The problem of overlapping transmissions of NPDCCH for paging in NB-IoT TDD is illustrated the below diagram for an example paging configuration and UL-DL configuration.


[image: image2]
In the above configuration, the search space of paging occasion extends up to 256 radio frames resulting in overlapping transmission with many of PO succeeding the current PO. This will result in paging decoding failure at UE which refers to the NPDCCH of earlier PO but uses the NPDSCH resources in reference to current PO. Even with lower paging probability, there will be at least two UEs having overlapping NPDCCH transmissions with this configuration.

To address the above issue, changes to NPDCCH transmissions for paging should be investigated to avoid UE of PO decoding the NPDCCH of other Paging occasions.
Proposal 8: Changes to NPDCCH transmissions for paging should be investigated to avoid UE of PO decoding the NPDCCH of other Paging occasions.
5 Standalone mode
It is presented in [1] that for the support for TDD, the design shall strive towards a common design among the deployment modes. Therefore, it is better to adopt the same solution for standalone mode as that for in-band and guard-modes. On the other hand, as there might not be DL subframe resource issue, additional mapping of NPSS/NSSS/NPBCH/SIB1-NB can be considered for standalone operation mode. Therefore, it needs to be further studied whether additional mappings of NPSS/NSSS/NPBCH/SIB1-NB are needed for standalone operation mode.
Proposal 9: Whether additional mappings of NPSS/NSSS/NPBCH/SIB1-NB are needed for standalone operation mode is FFS.
6 Conclusions

In this contribution, we consider the DL aspects of TDD support in NB-IoT and make the following observations and proposals:
Proposal 1: SIB1-NB scheduling bits in MIB-NB can be used to indicate the frequency location and the number of repetitions/TBS of non-anchor SIB1-NB transmission .
Proposal 2: One DwPTS with sufficient symbols can be considered as a single RU for the transmission of NPDSCH without repetition. FFS the case NPDSCH with repetitions. 
Proposal 3: One DwPTS with sufficient symbols can be considered for the transmission of NPDCCH without repetition. An NCCE can be mapped on 6 consecutive OFDM symbols on all 12 subcarriers within one DwPTS. FFS the case NPDCCH with repetitions.
Proposal 4: For the case in which there exist additional symbols of DwPTS after mapping NPDCCH, the same contents of earlier NPDCCH resource can be transmitted. Or it can be used to send additional reference symbols. 

Proposal 5: New special subframe configurations can be considered to increase DL resources in special subframe.
Observation 1: The subframes pattern for paging occasion of LTE TDD system cannot be reused for NB-IoT due to lesser resources available to map NPDCCH CE in these subframes.

Proposal 6: For NB-IoT TDD system, any valid downlink subframes other than subframe#0, subframe#5 and subframe#9 can be considered as paging subframe. 

Proposal 7: Subframe#1 and Subframe#6 can be considered for paging subframe if NPDCCH can be mapped onto special subframe for all valid special subframe configurations for NB-IoT TDD.
Observation 2: CSS For paging in NB-IoT TDD system will extend for higher number of radio frames due to limited number of DL subframes available per radio frame. As the search space is spanned across multiple radio frames, NPDCCH transmissions of successive paging occasions will overlap thus result in increasing the probability of decoding failure of paging messages.
Proposal 8: Changes to NPDCCH transmissions for paging should be investigated to avoid UE of PO decoding the NPDCCH of other Paging occasions.
Proposal 9: Whether additional mappings of NPSS/NSSS/NPBCH/SIB1-NB are needed for standalone operation mode is FFS.
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