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1. Introduction

One of the main objectives of Rel-15 NB-IoT specification is to support TDD operation which has not been supported in Rel-13 and Rel-14 NB-IoT, which was captured in the latest WID [1] 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 the previous RAN1 meetings, following agreements on the DL aspects were made:

	As for NPSS/NSSS/MIB-NB
· For NPSS, NSSS and NPBCH transmission in TDD:

· NPSS is transmitted on subframe #5 in every radio frame

· NSSS is transmitted on subframe #0 in every even-numbered radio frame

· NPBCH is in subframe 9 in every radio frame on the same carrier as NPSS/NSSS.

· Confirm the working assumptions from RAN1#90, i.e. NPSS uses the lower 11 subcarriers in one subframe and the same cover code for TDD as FDD.

· The NPSS and NSSS sequences for TDD are the same as FDD.

· TDD and FDD NB-IoT are distinguished by the relative location of NPSS and NSSS.

As for system information blocks
· The single NB-IoT carrier for all the other SIBs than SIB1-NB, when not the anchor carrier, is:

· In a PRB indicated by SIB1-NB with exact signaling design left to RAN2 including whether to signal anything in case these other SIBs are on the anchor carrier

· Periodicity of SIB1-NB in TDD is the same as FDD (i.e. 2560ms)

· One transport block of SIB1-NB is transmitted over 8 SIB1-NB subframes (i.e. same as FDD)

· It is supported that SIB1-NB is transmitted only on the anchor carrier

· In at least subframe #0 in odd frames

· The starting radio frame index
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· When SF#0 is used for 16 SIB1-NB repetitions on anchor carrier, 

Number of NPDSCH repetitions
PCID
Starting radio frame number for NB-SIB1 repetitions
16

All PCIDS

SFN mod 256 = 1
· When SF#4 is used for 16 SIB1-NB repetitions on anchor carrier, 

Number of NPDSCH repetitions
PCID
Starting radio frame number for NB-SIB1 repetitions
16
PCID mod 2 = 0
SFN mod 256 = 0
PCID mod 2 = 1
SFN mod 256 = 1
· It is supported that SIB1-NB can be transmitted on non-anchor carrier, FFS details

· It is necessary to consider SFN wraparound as part of FFS

· At least for 16 repetioins for SIB1-NB transmission,

· Whether SIB1-NB transmitted on anchor carrier or non-anchor one is indicated by MIB-NB.

· When SIB1-NB is transmitted on non-anchor carrier, at least subframe #0 is used.

· 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

· FFS: The frequency position of non-anchor carrier is indicated by [0, 1, or 2] bits in MIB-NB for in-band scenario.

· FFS: case for gurad-band and stand-alone scenarios

· For 8 repetitions for SIB1-NB transmission, SIB1-NB can be transmitted on non-anchor carrier.
· 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.

As for NRS, NPDCCH and NPDSCH

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

· 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
· DwPTS can be used for NB-IoT transmission in CRS-less special subframe configuration #10 in TDD NB-IoT.

· FFS on how to use the blank REs corresponding to CRSs


In this contribution, we identify and discuss the main issues in supporting TDD NB-IoT operation, especially related to the DL operation.

2. Discussion
2.1. SIB1-NB
In this section, we share our views on the following aspects which have to do with SIB1-NB.
· Default subframes where UE can expect NRSs

· Pairings of anchor and non-anchor SIB1-NB transmissions

· Signalling of non-anchor carrier used for SIB1-NB transmissions

· Interpretation and application of contents in SIB1-NB
1) Default subframes where UE can expect NRSs
As is well known, system acquisition performance is significantly affected by cross-subframe channel estimation. Therefore, subframes where UE can expect NRSs should be carefully defined taking into account which step UEs are in, e.g., whether or not UE obtains MIB-NB, and which carrier and subframes are being used to transmit SIB1-NB.
First of all, subframes where UE can expect NRSs can be defined in a similar way as FDD when UE receives MIB-NB. In addition, when SIB1-NB is transmitted upon a non-anchor carrier, subframes where UE can expect NRSs after obtaining MIB-NB and before reading SIB1-NB on the non-anchor carrier can be defined in a similar way as FDD, i.e., FDD NB-IoT UE is allowed to expect NRSs in subframes only where UE is supposed to receive and a few number of additional subframes before and after certain physical channels upon non-anchor carriers, in order to compensate a SIB1-NB decoding performance loss due to relatively less transmission power on a non-anchor. In a similar way, when SIB1-NB is transmitted on subframes #4 upon an anchor carrier, UE needs to be allowed to expect NRS additionally on subframes #4 where SIB1-NB is being transmitted so that SIB1-NB acquisition time latency can be shortened.
Proposal 1: UE can expect NRSs in the following subframes
· before UE decodes MIB-NB, subframes #0 not containing NSSS and in subframes #9

· after UE decodes MIB-NB and if SIB1-NB is transmitted in subframes #4, subframes #4 used for SIB1-NB transmission upon an anchor-carrier additionally

· after UE decodes MIB-NB and if SIB1-NB is transmitted upon non-anchor carrier, subframes #0, #5, and #9 within the following radio frames on the corresponding carrier

· Radio frames from [2] radio frames before the radio frame where SIB1-NB is transmitted in the cell to [1] radio frames after the radio frame where SIB1-NB is transmitted in the cell

2) Pairings of anchor and non-anchor SIB1-NB transmissions
RAN1 listed the possible pairings of anchor and non-anchor SIB1-NB transmissions with FFS on the pairing of ‘Guard-band anchor + non-anchor of in-band same PCI mode’ because it requires additional information such as the number of CRS antenna ports, REs’ position carrying CRS, and the bandwidth of LTE in-band. First of all, regarding the number of CRS antenna ports can be assumed to be the same as that of NRS on an anchor-carrier. Secondly, REs’ position carrying CRS can be automatically derived if the bandwidth of LTE in-band is given by using one single spare bit in guardband-r13 of MIB-NB and if an anchor-carrier position of guard-band operation mode is only allowed to be deployed right next to the LTE in-band when eNB transmits SIB1-NB upon a non-anchor carrier in LTE in-band with same PCI mode. In fact, as shown in Table.1, TS36.104 recommends that NB-IoT carrier should be placed adjacent to the LTE PRB edge as close as possible. And the details of how to provide such information in this case can be found in the proposal 4.
Proposal 2: When an anchor-carrier is guard-band operation mode, SIB1-NB can be transmitted upon a non-anchor carrier in in-band with same PCI mode.

Proposal 3: When an anchor-carrier is guard-band operation mode and SIB1-NB is transmitted upon a non-anchor carrier in-band operation mode, the number of NRS antenna ports used for SIB1-NB transmission and the number of CRS antenna ports upon the non-anchor carrier used for SIB1-NB transmission are given as follows:

· The numbers of NRS and CRS antenna ports are the same as that of NRS ports on the anchor-carrier if the non-anchor carrier is in-band same PCI mode

· The numbers of NRS antenna ports is the same as that of the anchor-carrier, and UE assumes the number of CRS ports is 4 until the completion of SIB1-NB decoding if the non-anchor carrier is in-band different PCI mode

Table.1 NB-IoT operation modes with respect to the bandwidth of LTE in-band
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3) Signalling of non-anchor carrier used for SIB1-NB transmissions

According to the current specification, UE is able to tell which side of guard-band is used for the anchor-carrier and whether LTE in-band has even-numbered PRBs (i.e., 10MHz or 20Mhz) or odd-numbered PRBs (i.e., 5MHz or 15MHz) via 2 bit-long rasterOffset-r13 in guardband-r13 of MIB-NB when anchor-carrier is deployed in guard-band operation mode. On top of that, if one spare bit in guardband-r13 is used to specify the LTE bandwidth between 5 and 15MHz or between 10 and 20MHz, UE will be aware of the exact LTE in-band system bandwidth. Besides, if the remaining 2 spare bits in guardband-r13 is used to identify which pairing of anchor and non-anchor SIB1-NB transmissions is adopted by the cell, eNB can support the following 4 possible pairings of anchor and non-anchor SIB1-NB transmissions.
1 SIB1-NB is transmitted in the same guard-band side as the anchor-carrier

2 SIB1-NB is transmitted in the opposite guar-band side as the anchor-carrier

3 SIB1-NB is transmitted in in-band with a different PCI mode

4 SIB1-NB is transmitted in in-band with a same PCI mode
Proposal 4: When SIB1-NB is transmitted upon a non-anchor carrier and an anchor-carrier is guard-band operation mode, 3 spare bits in guardband-r13 of MIB-NB are used as follows:

· One bit is used to specify the LTE bandwidth between 5 and 15MHz or between 10 and 20MHz

· Two bits are used to specify the one of the following 4 pairings of anchor and non-anchor SIB1-NB transmissions

· SIB1-NB is transmitted in the same guard-band side as the anchor-carrier

· SIB1-NB is transmitted in the opposite guar-band side as the anchor-carrier

· SIB1-NB is transmitted in in-band with a different PCI mode

· SIB1-NB is transmitted in in-band with a same PCI mode

Taking into account the fact that NB-IoT system bandwidth for standalone operation mode can be larger than other operation modes as specified in TS36.104, offset information between adjacent carriers such as an anchor carrier and a non-anchor carrier used for SIB1-NB transmission needs to be additionally configured by MIB-NB. In a similar way as the proposal 4, a part of reserved bits in standalone-r13 can be adopted to inform UEs of the offset information.
Proposal 5: When an anchor-carrier is standalone operation mode and SIB1-NB is transmitted upon a non-anchor carrier, reserved bit(s) in standalone-r13 is used for signaling the absolute value of frequency offset between the anchor-carrier and the non-anchor carrier for SIB1-NB.

· The exact absolute value is determined by RAN4

RAN1 agreed that 2 spare bits in MIB-NB are used to inform of whether SIB1-NB is on an anchor-carrier or non-anchor carrier and the relative non-anchor carrier information to the anchor carrier.

· The first bit indicates whether SIB1-NB is on an anchor-carrier or non-anchor carrier

· The second bit indicates the relative non-anchor carrier information to the anchor carrier, i.e., either the adjacent lower PRB relative to anchor PRB or the adjacent higher PRB relative to anchor PRB
However the above information on the non-anchor carrier is not sufficient to specify the exact non-anchor carrier’s frequency information when the anchor carrier is guard-band operation mode because the non-anchor carrier used for SIB1-NB transmissions can be in the LTE in-band or in the same side of the anchor carrier’s guard-band or in the opposite side of the anchor-carrier’s guard-band. In order to resolve it, the above 2 spare bits and 3 spare bits suggested in the proposal 4 can be used together when an anchor carrier is guard-band operation mode and SIB1-NB is transmitted upon a non-anchor carrier. As can be seen in Figure 1, all 4 possible pairings of anchor and non-anchor SIB1-NB transmissions can be signalled when the anchor carrier is guard-band operation mode.
Proposal 6: When SIB-NB is transmitted upon a non-anchor carrier and an anchor-carrier is guard-band operation mode, the exact carrier frequency position of SIB1-NB is derived from 2-bit carrier indication signal in MIB-NB and information on the LTE bandwidth, the information on the 4 possible parings of anchor and non-anchor SIB1-NB transmissions signalled in guardband-r13 of MIB-NB.
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Figure 1. Examples of how to interpret signaling information of SIB1-NB non-anchor carrier in MIB-NB when an anchor carrier is in guard-band operation mode
4) Interpretation and application of contents in SIB1-NB
There are a couple of messages in SIB1-NB which apply to only anchor-carrier such as downlinkBitmap and nrs-CRS-PowerOffset. However, when SIB1-NB is transmitted on non-anchor carrier, whether or not to apply downlinkBitmap to anchor-carrier or corresponding non-anchor carrier or both should be defined. On the other hand, nrs-CRS-PowerOffset may not be directly applied to both carriers since transmission power on the non-anchor carrier is expected to be different from anchor-carrier. 
Proposal 7: When SIB1-NB is transmitted upon a non-anchor carrier, downlinkBitmap and nrs-CRS-PowerOffset in SIB1-NB are interpreted as follows depending on the pairing of anchor and non-anchor SIB1-NB transmissions:

· When the non-anchor carrier used to transmit SIB1-NB is guard-band or standalone operation mode, downlinkBitmap is applied to both carriers

· When the non-anchor carrier used to transmit SIB1-NB is in-band operation mode,
· if the anchor-carrier is in-band operation mode,
· downlinkBitmap is applied to both carriers
· nrs-CRS-PowerOffset is applied to the anchor-carrier and how to inform of NRS power offset between NRS and E-UTRA CRS upon the non-anchor carrier is determined by RAN2
· if the anchor-carrier is guard-band operation mode,
· nrs-CRS-PowerOffset is applied to the corresponding non-anchor carrier
· downlinkBitmap is applied to both carriers

2.2. Downlink transmission

1) Supporting NPDCCH transmission in DwPTS
The number of valid DL subframes in TDD NB-IoT may not be sufficient for supporting large number of repetitions and massive number of UEs. Moreover, the number of valid DL subframes in anchor carrier could be more limited than non-anchor carrier due to the periodic transmission of NPSS/NSSS/NPBCH/NB-SIB1. Taking this into consideration, the performance improvement by taking advantage of additional REs which can be allocated in DwPTS wouldn’t be negligible especially when UL/DL configuration is #1 and special subframe configuration is set to #4.
In the last meeting, NPDSCH transmission in DwPTS was agreed while NPDCCH transmission in DwPTS remains as working assumption. In some point of view, using DwPTS for both NPDSCH and NPDCCH can bring more benefits. For example, if DwPTS is only used for NPDSCH transmission, DwPTS within the NPDCCH transmission region might be wasted. Also, latency of TDD NB-IoT would be affected by DwPTS usage condition for NPDCCH, not only in downlink transmission but also in uplink transmission. In FDD NB-IoT, NB-IoT subframes that can be used for NPDCCH transmission is same as NPDSCH. So, it is preferable to use DwPTS for NPDCCH transmission as well as NPDSCH transmission.

Proposal 8: DwPTS can be used for NPDCCH transmissions.
In FDD NB-IoT, basic element of NPDCCH transmission is NCCE, which corresponds to 6 consecutive subcarriers in a subframe. Likewise, same definition could be used for DL subframes in TDD NB-IoT. Also, same definition of NCCE of DL subframe could be applied for DwPTS, which can be applied simply with less effort. However, some issues should be considered carefully for efficient NPDCCH transmission.

In FDD NB-IoT, repetition number of NPDCCH can be configured based on coverage. If NPDCCH transmission starts from DwPTS and its repetition number is one, number of available REs that can be used for NPDCCH transmission would be very restricted. Table 2 shows number of available REs in DwPTS and DL subframe. In general, required reliability of control channel is stricter than NPDSCH. So, increase of code rate due to the lack of REs should be avoided. It is obvious that impact by the code rate increment can be more serious as smaller repetition number. To guarantee reliability of NPDCCH transmission, prohibiting NPDCCH transmission in DwPTS when repetition number is small could be considered. Simply, UE can ignore search space candidate of small repetition number which contain DwPTS.

Proposal 9: NPDCCH transmission in a DwPTS without repetition is not supported.

Table 2  Number of available REs in DwPTS
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2) Usage of DwPTS
In FDD NB-IoT, all DL subframes have identical number of OFDM symbols, so rate matching and RE mapping rule can be identical as well. However, TDD has DwPTS region which can be used for DL transmission purpose but may have different number of OFDM symbols. Moreover, NRS pattern and available OFDM symbol indices of DwPTS could be different from DL subframe. Thus rate matching and RE mapping rule should be considered carefully. Note that some OFDM symbols are available in DwPTS but not in normal DL subframe. To enhance resource efficiency it would be beneficial to allow using the all available symbols in a DwPTS. Especially, the 3rd OFDM symbol in a DwPTS is always available regardless control region size.

Proposal 10: The third OFDM symbol in DwPTS in a valid special subframe can be used for NB-IoT DL transmission regardless of control region size indicated by high-layer signalling.
In FDD NB-IoT, usage of coverage enhancement schemes is assumed as a baseline method to achieve the target MCL (e.g. symbol level combining and cross subframe channel estimation). For symbol level combining between repeated subframes, REs in different symbols with a same frequency location shall be combined before channel equalization. Thus subcarrier index of REs should be identical between repeated subframes. To allow the symbol level combining between DL subframe and DwPTS, OFDM symbol level repetition (or interleaving) can be considered. Figure 2 shows an example of the concept of the OFDM symbol level repetition. As shown in this figure, a number of OFDM symbols in a DL subframe are repeated in a DwPTS on the OFDM symbol level. To minimize the number of punctured REs, an OFDM symbol in a DL subframe shall be repeated on an OFDM symbol with same RS pattern as much as possible. Conceptually, the rate matching and RE mapping rule can follows criteria of DL subframe. After that OFDM symbol level interleaving is performed; interleaving pattern could be determined to match the OFDM symbol of DL subframe to OFDM symbol of special subframe with same RS pattern. 

Proposal 11: For NPDCCH/NPDSCH with repetition, OFDM symbols in a DL subframe are repeated on DwPTS with following principles:
· All available NB-IoT OFDM symbols in a DwPTS are used for NPDCCH/NPDSCH transmissions.

· On OFDM symbols with NRS(or CRS) in a DwPTS, OFDM symbols with same NRS(or CRS) pattern in a DL subframe are repeated.
· If the number of available OFDM symbols with CRS in a DwPTS is larger than the number of available OFDM symbols with CRS in a DL subframe, OFDM symbol(s) without reference signal in a DL subframe is repeated on the OFDM symbol(s) with CRS.

· In this case, REs of DL subframe on CRS position of DwPTS are punctured.

· On OFDM symbols without reference signals in a DwPTS, OFDM symbols without reference signals in a DL subframe are repeated
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Figure 2  OFDM symbol level interleaving for RE mapping in a DwPTS

For NPDSCH transmission without repetition, two options could be considered; rate matching and puncturing. In general, rate matching can guarantee better performance than puncturing method. Also, when the number of OFDM symbols in a DwPTS is sufficiently large, it seems beneficial to count DwPTS as a DL subframe. Thus rate matching is preferable if the number of available OFDM symbols in a DwPTS is sufficient. Meanwhile, when the number of available OFDM symbol is small, code rate could be a bottleneck due to the lack of available REs if the DwPTS is counted as a DL subframe. Simply, eNB can avoid undesired code rate case by scheduling.

Proposal 12: For NPDSCH without repetition, rate matching is used.

3) CRS-less special subframe configuration #10
In the last meeting, it was agreed to support all LTE special subframe configuration. Meanwhile, whether to support CRS-less special subframe configuration #10 or not remains as FFS. Special subframe configuration #10 was introduced in Rel-14 LTE. As we described in our companion paper, network can decide whether to transmit CRS in special subframes or not when special subframe configuration #10 is used. In NB-IoT, we can consider two options: 

Alt. 1) If the CRS-less special subframe configuration #10 is configured, UE does not expect any transmissions in DwPTS. This approach can simply avoid the impact on special subframe for legacy LTE system. However performance degradation is expected such as increase of the latency and decrease of the channel estimation accuracy.

Alt. 2) Under certain conditions, UE can expect reference signals and/or data transmission in DwPTS. For example, DwPTS can be used for data transmission when it is configured as a valid subframe. Also, carrier specific configuration could be considered; some NB-IoT carriers can use DwPTS for transmission by carrier specific configuration. Note that it can be advantageous transmitting CRS as well when the DwPTS conveys NRS even if CRS-less configuration is used for legacy LTE cell. This method can help to enhance the DL transmission efficiency and reference signals density could be increased. However, it should not interrupt legacy LTE system. So, conditions for allowing DwPTS transmission should be considered carefully. 

Proposal 13: For CRS-less special subframe configuration #10, DwPTS in a valid special subframe can be used for NB-IoT downlink transmission
· UE expects NRS in DwPTS only when NPDSCH is scheduled in the corresponding DwPTS

· UE is allowed to expect CRS on the 5th OFDM symbol additionally only when NRS is transmitted in the corresponding DwPTS

2.3. Search space configuration

A period of certain search space is determined by T in FDD NB-IoT, where T is determined by Rmax and G configured by higher layer signalling. After the value of T is determined, the FDD NB-IoT UE recognizes T subframes (i.e., T ms) as a period of certain search space. However, in the TDD in-band or TDD guard-band operation modes, the number of downlink subframes per radio frame is lower than the FDD case. So, if the TDD NB-IoT UE recognizes the value of T into T subframes (i.e., T ms), the number of downlink subframes within T ms may not be sufficient as in the FDD case, and the probability of overlapping between search spaces will increase, and the probability of search space dropping will also increase. Therefore, in order to solve this problem in TDD NB-IoT, after the value of T is determined by Rmax and G configured by higher layer signalling, it is desirable for the TDD NB-IoT UE to recognize the value of T into T downlink subframes instead of T subframes as a period of certain search space. If the TDD NB-IoT UE follows this principle, the number of downlink subframes may be sufficient as in the FDD case, and the probability of overlapping between search spaces will not increase, and the probability of search space dropping will not increase. Moreover, it is necessary to determine whether to regard a special subframe as a downlink subframe. It is desirable to regard a special subframe as a downlink subframe only when the NPDCCH can be transmitted in that special subframe (e.g., a special subframe that the transmission of NRS will always be expected and/or a special subframe with enough DwPTS symbols).
Proposal 14: The periodicity of NPDCCH search space in TDD NB-IoT is defined by T downlink subframes and special ones of which the DwPTS length is larger of equal to 6 except for CRS-less special subframe configuration #10 (where T = Rmax×G, and Rmax and G are configured by higher layer signalling)

Proposal 15: TDD NB-IoT UE does not expect NPDCCH candidates in DwPTS with CRS-less special subframe configuration #10
Additionally, it is problematic to apply the principles of deciding the starting subframe that makes up a search space used in FDD without change in the TDD. The starting subframe of certain search space in FDD is a subframe satisfying the condition
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, T≥4, and αoffset is also configured by higher layer signalling. As mentioned above, in the TDD in-band or TDD guard-band operation modes, the number of downlink subframes per radio frame is lower than the FDD case and even in the anchor carrier, three downlink subframes must be used for broadcasting of NPSS, NSSS, and NPBCH. Because of these reasons, invalid combinations of Rmax and G may occur when the same principles of FDD are applied in TDD without change.
Figure 3 shows an example of overlapped search spaces. In this example, assume that search space parameters (Rmax =2048, G ≥ 8) are configured and the UL/DL configuration #1 is configured, and assume that the carrier for the search space is anchor carrier, so #0, #5, and #9 subframes cannot be used for search space, and assume that two special subframes cannot be regarded as a downlink subframe. Following these assumptions, ten times more than Rmax, (i.e., 2048×10=20480 (ms)) should be needed to make up each search space. Therefore, as shown in the Figure 3, the former search space (i.e., #1) will always be overlapped with the latter search space (i.e., #2). If the same principles of FDD are applied in TDD without change, all search spaces will be dropped in single HARQ UE case, and a lot of search space candidates will be dropped in two HARQs UE case.
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Figure 3  An example of overlapped search spaces

To solve the above problem, following approaches can be considered. 

· Approach A: Extending the maximum period of the starting subframe for search space

First of all, extending the maximum period of the starting subframe for search space can be considered by using additional time parameter. For example, the hyper frame number (HFN) can be considered for additional time parameter and it can be used either by changing legacy mathematical expression or by adding new principle into legacy principles.

· Approach B: Dropping the search space candidate(s) instead of dropping whole search space both single HARQ UE and two HARQs UE cases.
On the other way, it can be considered that the way not to monitor the search space candidate(s) overlapped or back-to-back consisted by next search space candidate both in single HARQ UE and two HARQs UE cases.
The approach A has the advantage of keeping the coverage levels of FDD, but the latency might be increased because of extended period. However, the approach B has the advantage in the load of specification work side, but this approach reduces the number of search space candidate when UE configured specific combinations of Rmax and G by eNB.

Proposal 16: To avoid NPDCCH search space overlapping in TDD, the following candidate solutions are considered.
· Extending the maximum period of the starting subframe for search space

· Dropping the search space candidate(s) overlapped or back-to-back consisted by next search space candidate
In case of paging, search space associated with a PO can overlap with the other search space(s) which starts from other PO(s). Likewise the legacy LTE system, number of POs per paging cycle across all UEs in the cell can be configured by eNB. Using this feature, eNB can control group of UEs separately and it may help to reduce the power consumption of UE. One of the major difference between legacy LTE and NB-IoT in terms of paging feature is repetition of NPDCCH. Although paging NPDCCH can be started on a PO subframe, it spans multiple consecutive NB-IoT DL subframes to support enhanced coverage level. This means that one paging search space associated a PO can overlap with the other search space(s) which starts from other PO(s). In current paging procedure, information of desired UE ID could be obtained after NPDSCH decoding is complete. Thus undesired NPDSCH monitoring could occur when UE detects paging DCI when Type1-CSS associated a PO is overlapped with other Type1-CSS which starts at another PO. Especially, this problem could occur more frequently because the number of downlink subframes per radio frame in TDD is much smaller than the FDD; number of available subframe for NPDCCH transmission may not enough to finish the transmission before the search space for other UEs get started. 

In general, scrambling could be used to differentiate NPDCCHs from different search space. However, current scrambling design for NPDCCH could not overcome overlap problem. Currently scrambling sequence for NPDCCH is initialized at start of NPDCCH subframe, and re-initialized after every 4th NPDCCH subframes. At (re-)initialization subframe, c_init for scrambling sequence is calculated with n_s and cell ID. Figure 4 shows an example of overlap problem between different Type1-CSSs. Thus different search spaces could have same scrambling sequence if their scrambling sequences are (re-)initialized at a same subframe. In this point of view, scrambling sequence should be redesigned.
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Figure 4  An example of overlap problem between different Type1-CSS
Proposal 17: Scrambling on NPDCCH should be redesigned to avoid an overlap of search spaces between separate POs due to repetition.

2.4. OTDOA

For NPRS in TDD NB-IoT, subframe configuration for NPRS should be decided since TDD NB-IoT subframe structure consists of different numbers of DL subframe, UL subframe, DwPTS, and UpPTS depending on the UL/DL configuration. 
1) NPRS on DwPTS

Depending on the special subframe configuration, allowing NRPS on DwPTS may not be useful if there is a few or no DL symbols for NPRS transmission in DwPTS period. Considering network and UE complexity in configuring/receiving NPRS in limited symbols in DwPTS as well as normal DL subframes, we suggest NPRS is transmitted only in normal DL subframes

Proposal 18: NPRS is transmitted only in normal DL subframes.
2) Part A and Part B definition for NPRS

In FDD NB-IoT, NPRS occasion can be configured with Part A (bit map) or Part B (occasion period, length and offset) or combination of them. Considering Part A bitmap requires large overhead in SIB, it is desirable the bitmap size is optimized based on the DL subframes in the actual U/D configuration. On the other hand, Part B definition based on all types of subframes (e.g., DL, UL and special subframes) will be a simple approach since part B configuration does not require large payload size.

Proposal 19: Part A bitmap is based on normal subframes only. U/D configuration is informed together as NPRS configuration for TDD.

Proposal 20: Part B configuration is based on all types of subframes (DL, UL and special subframes), but UL/special subframes are not counted in the NPRS occasion.
3) Collision handling between NPRS and NRS

In FDD NB-IoT, collision between NPRS subframes and NRS transmission in valid NB-IoT DL subframes is assumed to be avoided by appropriate eNB configuration of part A bit map. On the other hand, in TDD NB-IoT, this assumption may not be realistic since DL resources in a TDD carrier are limited due to DL/UL subframe interlacing. Therefore, we suggest NPRS in the last symbol in a subframe is not transmitted even when the NPRS subframe is configured by part A bit map.

Proposal 21: NPRS is not transmitted in the last symbol in a downlink subframe in a TDD NB-IoT carrier.

3. Conclusion
In this contribution, we identified and discussed the main issues in supporting TDD operation in NB-IoT, especially related to the DL operation. The proposals are summarized below.
Proposal 1: UE can expect NRSs in the following subframes
· before UE decodes MIB-NB, subframes #0 not containing NSSS and in subframes #9

· after UE decodes MIB-NB and if SIB1-NB is transmitted in subframes #4, subframes #4 used for SIB1-NB transmission upon an anchor-carrier additionally

· after UE decodes MIB-NB and if SIB1-NB is transmitted upon non-anchor carrier, subframes #0, #5, and #9 within the following radio frames on the corresponding carrier

· Radio frames from [2] radio frames before the radio frame where SIB1-NB is transmitted in the cell to [1] radio frames after the radio frame where SIB1-NB is transmitted in the cell

Proposal 2: When an anchor-carrier is guard-band operation mode, SIB1-NB can be transmitted upon a non-anchor carrier in in-band with same PCI mode.

Proposal 3: When an anchor-carrier is guard-band operation mode and SIB1-NB is transmitted upon a non-anchor carrier in-band operation mode, the number of NRS antenna ports used for SIB1-NB transmission and the number of CRS antenna ports upon the non-anchor carrier used for SIB1-NB transmission are given as follows:

· The numbers of NRS and CRS antenna ports are the same as that of NRS ports on the anchor-carrier if the non-anchor carrier is in-band same PCI mode

· The numbers of NRS antenna ports is the same as that of the anchor-carrier, and UE assumes the number of CRS ports is 4 until the completion of SIB1-NB decoding if the non-anchor carrier is in-band different PCI mode

Proposal 4: When SIB1-NB is transmitted upon a non-anchor carrier and an anchor-carrier is guard-band operation mode, 3 spare bits in guardband-r13 of MIB-NB are used as follows:

· One bit is used to specify the LTE bandwidth between 5 and 15MHz or between 10 and 20MHz

· Two bits are used to specify the one of the following 4 pairings of anchor and non-anchor SIB1-NB transmissions

· SIB1-NB is transmitted in the same guard-band side as the anchor-carrier

· SIB1-NB is transmitted in the opposite guar-band side as the anchor-carrier

· SIB1-NB is transmitted in in-band with a different PCI mode

· SIB1-NB is transmitted in in-band with a same PCI mode

Proposal 5: When an anchor-carrier is standalone operation mode and SIB1-NB is transmitted upon a non-anchor carrier, reserved bit(s) in standalone-r13 is used for signaling the absolute value of frequency offset between the anchor-carrier and the non-anchor carrier for SIB1-NB.

· The exact absolute value is determined by RAN4

Proposal 6: When SIB-NB is transmitted upon a non-anchor carrier and an anchor-carrier is guard-band operation mode, the exact carrier frequency position of SIB1-NB is derived from 2-bit carrier indication signal in MIB-NB and information on the LTE bandwidth, the information on the 4 possible parings of anchor and non-anchor SIB1-NB transmissions signalled in guardband-r13 of MIB-NB.

Proposal 7: When SIB1-NB is transmitted upon a non-anchor carrier, downlinkBitmap and nrs-CRS-PowerOffset in SIB1-NB are interpreted as follows depending on the pairing of anchor and non-anchor SIB1-NB transmissions:

· When the non-anchor carrier used to transmit SIB1-NB is guard-band or standalone operation mode, downlinkBitmap is applied to both carriers

· When the non-anchor carrier used to transmit SIB1-NB is in-band operation mode,
· if the anchor-carrier is in-band operation mode,
· downlinkBitmap is applied to both carriers
· nrs-CRS-PowerOffset is applied to the anchor-carrier and how to inform of NRS power offset between NRS and E-UTRA CRS upon the non-anchor carrier is determined by RAN2
· if the anchor-carrier is guard-band operation mode,
· nrs-CRS-PowerOffset is applied to the corresponding non-anchor carrier
· downlinkBitmap is applied to both carriers

Proposal 8: DwPTS can be used for NPDCCH transmissions.
Proposal 9: NPDCCH transmission in a DwPTS without repetition is not supported.

Proposal 10: The third OFDM symbol in DwPTS in a valid special subframe can be used for NB-IoT DL transmission regardless of control region size indicated by high-layer signalling.
Proposal 11: For NPDCCH/NPDSCH with repetition, OFDM symbols in a DL subframe are repeated on DwPTS with following principles:
· All available NB-IoT OFDM symbols in a DwPTS are used for NPDCCH/NPDSCH transmissions.

· On OFDM symbols with NRS(or CRS) in a DwPTS, OFDM symbols with same NRS(or CRS) pattern in a DL subframe are repeated.
· If the number of available OFDM symbols with CRS in a DwPTS is larger than the number of available OFDM symbols with CRS in a DL subframe, OFDM symbol(s) without reference signal in a DL subframe is repeated on the OFDM symbol(s) with CRS.

· In this case, REs of DL subframe on CRS position of DwPTS are punctured.

· On OFDM symbols without reference signals in a DwPTS, OFDM symbols without reference signals in a DL subframe are repeated
Proposal 12: For NPDSCH without repetition, rate matching is used.

Proposal 13: For CRS-less special subframe configuration #10, DwPTS in a valid special subframe can be used for NB-IoT downlink transmission
· UE expects NRS in DwPTS only when NPDSCH is scheduled in the corresponding DwPTS

· UE is allowed to expect CRS on the 5th OFDM symbol additionally only when NRS is transmitted in the corresponding DwPTS

Proposal 14: The periodicity of NPDCCH search space in TDD NB-IoT is defined by T downlink subframes and special ones of which the DwPTS length is larger of equal to 6 except for CRS-less special subframe configuration #10 (where T = Rmax×G, and Rmax and G are configured by higher layer signalling)

Proposal 15: TDD NB-IoT UE does not expect NPDCCH candidates in DwPTS with CRS-less special subframe configuration #10
Proposal 16: To avoid NPDCCH search space overlapping in TDD, the following candidate solutions are considered.
· Extending the maximum period of the starting subframe for search space

· Dropping the search space candidate(s) overlapped or back-to-back consisted by next search space candidate
Proposal 17: Scrambling on NPDCCH should be redesigned to avoid an overlap of search spaces between separate POs due to repetition.

Proposal 18: NPRS is transmitted only in normal DL subframes.
Proposal 19: Part A bitmap is based on normal subframes only. U/D configuration is informed together as NPRS configuration for TDD.

Proposal 20: Part B configuration is based on all types of subframes (DL, UL and special subframes), but UL/special subframes are not counted in the NPRS occasion.
Proposal 21: NPRS is not transmitted in the last symbol in a downlink subframe in a TDD NB-IoT carrier.
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