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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 RAN1 #90 meeting, following agreements on the DL aspects were made [2][3][4]:

	Agreements (from RAN1 #90):
· We will position NPSS and NSSS and NPBCH in subframes from among the set: {0, 4, 5, 8, 9} – FFS which precise subframes.

· If NPSS and NSSS are the same as FDD:

· The combination of {NPSS in subframe #5 and NSSS in subframe #9} is a precluded option.

· Subframes 0 and 5 will certainly be used
Agreements (from RAN1 #90):
· NPSS uses

· The last 11 OFDM symbols in one subframe

· As a working assumption: the lower 11 subcarriers in one subframe

· As a working assumption: the same cover code as in FDD

· The design shall be decodable within the same signal processing effort as the design used for FDD

· RAN1 intends to prefer NPSS designs for TDD with the smallest practicable impact to FDD NB-IoT UEs’ initial cell acquisition
Agreements (from RAN1 #90):
· The transmission of SIB1-NB is FFS between:

· Always on the same NB-IoT carrier as NPSS/NSSS

· Always on a different NB-IoT carrier as NPSS/NSSS

· Can be on a different NB-IoT carrier as NPSS/NSSS

· Other SIBs than SIB1-NB can be transmitted on non-anchor carrier
Agreements (from RAN1 #90bis):
· TDD UL:DL configuration 0 is not supported in TDD NB-IoT in Rel-15

Working assumption (from RAN1 #90bis):
· TDD UL:DL configuration 6 is not supported in TDD NB-IoT in Rel-15

Agreements (from RAN1 #90bis):
· MIB-NB is transmitted on the same NB-IoT carrier as NPSS/NSSS.

· 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

Agreements (from RAN1 #90bis):
· It is supported that SIB1-NB is transmitted only on the anchor carrier

· In at least subframe #0 in odd frames

· 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

· 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)

Agreements (from RAN1 #90bis):
· 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.

Agreements (from RAN1 #90bis):
· 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.

Working assumption to be automatically confirmed if RAN4 reply LS to R1-1715304 does not raise a problem:
· TDD NB-IoT will support all LTE special subframe configurations
Agreements (from RAN1 #91):
· It is not supported that SIB1-NB is transmitted on both anchor and non-anchor carrier.

· 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.

· FFS: SIB1-NB can be transmitted on anchor carrier other than subframe #0

· 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

· FFS: Cases for 4 and 8 repetitions

· The radio frame is determined by table-1
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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
As can be seen from Table 1, subframes of #0 in odd-numbered radio frames are going to be used for SIB1-NB transmission when it is transmitted upon the anchor-carrier and the repetition number of SIB1-NB transmission is less than 16. In order to support the SIB1-NB repetition number of 16 on the anchor-carrier with less performance impact, another subframe index may have to be used for SIB1-NB transmission when UL/DL configuration is not #6. As is well known, system acquisition performance is significantly affected by cross-subframe channel estimation. Therefore, SIB1-NB needs to be allocated in a subframe close to the subframe #9 as much as possible. Based on this principle, subframe #8 is the best one for SIB1-NB. However, the only remaining downlink subframe index in UL/DL configuration #1 is ‘4’. Taking into account the above aspects, subframes #4 and #8 in odd-numbered radio frame can be additionally considered for SIB1-NB transmission to support the repetition number of 16.
Proposal 1: When SIB-NB is transmitted on an anchor-carrier, subframes #4 and #8 in odd-numbered radio frames can be used together with subframes #0.

· Subframe index for SIB1-NB transmission is indicated by MIB-NB

· Regardless of subframe index used for SIB1-NB transmission, UE can expect NRSs in subframe #0 not carrying NSSS

· For the repetition number of SIB1-NB less than 16, subframes #4 and #8 are not used for SIB1-NB transmission

· For UL/DL configuration #1, SIB1-NB can be transmitted on the subframe either #0 or #4
· For UL/DL configuration #2~#5, SIB1-NB can be transmitted on the subframe either #0 or #8
· If UL/DL configuration #6 is supported, SIB1-NB is transmitted on the subframe #0
Table 1 UL/DL configurations and subframe allocations for NPSS, NSSS, NPBCH, and SIB1-NB upon the anchor carrier
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When we take into account subframe indices allowed to be configured as MBSFN subframes, eNB may encounter difficulties in MBMS services especially for UL/DL configuration is #1. And there is no available downlink subframe other than subframe #0 in odd-numbered radio frame for UL/DL configuration #6 which we haven’t agreed not to support yet. Based on these reasons, RAN1 agreed to to consider SIB1-NB transmission on non-anchor carrier as well though it may accompany a number of issues such as “Carrier indicating mechanism”, “SIB1-NB repetition number and power boosting on non-anchor carrier”, “SIB1-NB subframe allocation on non-anchor carrier”, “Default subframes carrying NRSs”, “Interpretation and application of contents in SIB1-NB”, “RSRP measurement and CE level selection”, and so on.
· Carrier indicating mechanism
First of all, it is obvious that carrier index for SIB1-NB transmission should be indicated through MIB-NB. And considering that remaining bits in MIB-NB is very costly, the number of possible non-anchor carriers used for SIB1-NB transmission needs to be minimized and their locations should be defined in a relative manner with regard to anchor-carrier. Besides, taking into account resource allocation types and sizes of RBG and PRG used for LTE UEs, assigning at least two carriers to candidate non-anchor locations of SIB1-NB would be desirable and one is upon higher and the other is on lower frequency than anchor-carrier.
· SIB1-NB repetition number and power boosting on non-anchor carrier
It is expected that power boosting is applied to anchor-carrier transmission while less likely to be applied to non-anchor carriers’. Therefore, the repetition number of SIB1-NB transmission on non-anchor carrier may have to increase compared to anchor-carrier.
· SIB1-NB subframe allocation on non-anchor carrier
As explained above, the required number of downlink subframes for SIB1-NB transmission on non-anchor carrier can be doubled or even quadrupled. In that case, downlink subframes on non-anchor carrier will be consumed as if the repetition number of SIB1-NBs are {8, 16, 32} or {16, 32, 64}. Thinking back to the motivation of SIB1-NB transmission on non-anchor carrier, it is necessary especially when the available downlink subframes are not sufficient to service MBMS and/or transmit SIB1-NB on anchor-carrier without inducing inter-cell interference due to SIB1-NB-and-NSSS collision between cells. So, there could be the necessity for allocating distributed subframes between anchor-carrier and non-anchor carrier to SIB1-NB transmission.
· Default subframes carrying NRSs
As explained above, the cross-subframe channel estimation is essential to shorten SIB1-NB detection latency. Therefore, when SIB1-NB is transmitted on non-anchor carrier UE needs to be allowed to expect NRSs in subframes at least #0, #5, and #9. For example, NRSs can be transmitted in subframes #0, #5, and #9 for corresponding SIB1-NB transmission window which has to do with cell ID and repetition number. This simple example can even randomize interference due to persistent transmission of NRSs between cells.
· 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. Therefore, additional nrs-PowerOffsetNonAnchor needs to be contained in SIB1-NB.
· RSRP measurement and CE level selection
According to the agreements from the previous meeting, all the other SIBs than SIB1-NB can be transmitted on non-anchor carrier as well. In this case, UE may have to change its carrier frequency back to anchor-carrier for CE level selection based on N-RSRP after correctly decoding SIB2-NB because UE is only allowed to measure N-RSRP on anchor-carrier in the current specification. This UE behaviour leads to shorten battery life, and it is critical to NB-IoT UEs which feature low power consumption and 10-year long life devices. In order to prevent this unnecessary frequency re-tuning, N-RSRP measurement on non-anchor carrier where UE received SIB2-NB can be considered.
Proposal 2: Information of carrier(s) for SIB-NB transmission in MIB-NB is composed as follows:
· One state should be reserved for SIB1-NB transmission on (only) anchor-carrier

· At least two states should be reserved for higher and lower non-anchor carrier frequencies with regard to anchor-carrier

· Frequency position of non-anchor carriers are defined in a relative manner with regard to an anchor-carrier

· Whether or not to allow Guardband and Standalone operation modes to transmit SIB1-NB on a non-anchor carrier is FFS

· FFS on combinations of operation modes between anchor- and non-anchor carriers for SIB1-NB transmission upon non-anchor carrier

Proposal 3: Higher repetition number of SIB1-NB transmission on non-anchor carrier is supported than anchor-carrier.

· FFS, the repetition number can be directly derived from the existing schedulingInfoSIB1 without introducing additional information in MIB-NB

Proposal 4: UEs can expect NRSs in subframes #0, #5, and #9 in non-anchor carrier at least for the radio frames where and in between SIB1-NBs are transmitted when SIB1-NB is transmitted on non-anchor carrier.
Proposal 5: When SIB1-NB is transmitted on non-anchor carrier, interpretation and application of downlinkBitmap and nrs-CRS-PowerOffset should be studied.
· Whether or not to apply downlinkBitmap to anchor-carrier or corresponding non-anchor carrier or both
· Whether or not to add nrs-PowerOffsetNonAnchor in SIB1-NB

Proposal 6: N-RSRP measurement on non-anchor carrier where UE received SIB2-NB can be considered.
2.2. Valid downlink subframes
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 comfiguration is set to #4.
Using DwPTS for NPDCCH and NDPSCH transmission may require different features from normal DL subframe. Specifically, it should be considered that number of available symbols and their location in a DwPTS are different from normal DL subframe. Thus RE mapping rule and NRS position in DwPTS might be different from normal DL subframe. However it should be note that coverage extension schemes are very important in NB-IoT to meet the target MCL requirement; coherent combining and cross subframe channel estimation could be considered to be used in TDD NB-IoT likewise in FDD NB-IoT. To take advantage of these advanced schemes, NRS pattern and RE mapping order in DwPTS should follow feature of normal DL subframe as much as possible. Details of NRS pattern and RE mapping rule in a DwPTS are discussed in the next section.
Proposal 7: Special subframes can be used for NPDCCH and NPDSCH transmissions.
As aforementioned, available DL subframes would be insufficient in TDD NB-IoT systems. Therefore, an efficient DCI design by reducing unnecessary bits or duplicated information needs to be studied. For example, multi-subframe scheduling DCI for multiple NPDSCH and/or NPUSCH transmission can be considered to save the DL resources. Besides, there could be certain cases where DCI needs to be designed as compact format rather than encompassing many different types of grants. For instance, UE does not need to monitor UL grant but DL grant if an interlaced scheduling is supported and transmission of scheduled NPUSCH format 1 has not been completed.
Proposal 8: Efficient DCI design for TDD NB-IoT should be considered to save the DL resources for NPDCCH transmissions (e.g. multi-subframe scheduling DCI and/or compact DCI)
2.3. Downlink reference signals
· NRS

In FDD NB-IoT, NRS is used for NB-IoT for all operation modes. Likewise, TDD NB-IoT requires NRS transmission in DL subframes especially for valid subframes and subframes used for NPBCH and SIB1-NB transmission. Without difficulty, NRS design in FDD NB-IoT can be reused in DL subframes of TDD NB-IoT. 
Furthermore, NRS transmission in a special subframe can be considered for TDD NB-IoT. Unlike a FDD NB-IoT, the number of consecutive DL subframes in a radio frame is limited due to the existence of UL subframes and special subframes. This characteristic of TDD makes it hard to achieve an efficiency of the cross subframe channel estimation scheme. To enhance the channel estimation accuracy, NRS transmission in special subframes could be considered. Moreover, as we discussed in previous section, using a special subframe for NPDCCH and/or NPDSCH transmission could be considered to secure DL resources. In this case, NRS should be provided in a special subframe region for reliable channel estimation. 
When special subframe is used for NPDCCH and/or NPDSCH transmission, NRS pattern and RE mapping rule should be considered carefully as discussed above section. To take advantage of coverage enhancement schemes (e.g. coherent combining and cross subframe channel estimation), reusing NRS pattern and RE mapping rule of DL subframe could be considered. Simply, removing unused OFDM symbol indices from DL subframe structure could be considered. In this method, NRS pattern and RE mapping rule could be same between normal DL subframe and DwPTS. Figure 1 shows an example of NRS pattern and RE mapping rule for TDD NB-IoT. As shown in the figure, UE can coherently combine DL subframe and DwPTS easily when same data is repeated between them. Also, both DL subframes and DwPTS could be used together when cross subframe channel estimation is required. 
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Figure 1 An example of NRS pattern and RE mapping rule for TDD NB-IoT (case-I)
However, it should be noted that the number of OFDM symbols used for control channel information for legacy LTE system could be different between normal DL subframe and DwPTS. In normal DL subframe, up to 3 OFDM symbols could be used for control region for legacy, while maximum 2 OFDM symbols could be used in DwPTS. If unused OFDM symbol index in DL subframe can be used DwPTS, these OFDM symbols should be used to enhance the performance of DL transmission. Simply, punctured REs at unused OFDM symbol index in DwPTS could be used to fulfil these regions. Figure 2 shows an example of NRS pattern and RE mapping rule when number of OFDM symbols used for LTE control channel are different between normal DL subframe and DwPTS. 
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Figure 2 An example of NRS pattern and RE mapping rule for TDD NB-IoT (case-II)
On the other hand, some special subframe configurations are not suitable to be used for NPDCCH and/or NPDSCH transmission. According to the working assumption in a previous meeting, all LTE special subframe configurations could be supported. In some special subframe configuration, the number of DwPTS symbols may not sufficient to transmit DL traffics. Especially, only 3 OFDM symbols can be used in special subframe configuration #0 and #5. Moreover, 1 or 2 OFDM symbols in DwPTS may not be used for NB-IoT in case of in-band mode if they are reserved by CFI for legacy LTE system. Although the length DwPTS may not suitable for DL traffic transmissions, such as NPDCCH and NPDSCH, it can be used for purpose of NRS transmission. Moreover, 3rd OFDM symbol in DwPTS of special subframe configuration #0 and #5 can be used only for synchronization signal transmission purpose; center 6 RBs are used for PSS transmission while 3rd OFDM symbol in other RBs cannot be used for any DL transmission. Thus, NRS can be transmitted all the time at 3rd OFDM symbol in DwPTS when special subframe configuration #0 and #5 is used. Moreover, 1st and 2nd OFDM symbol in DwPTS could be additionally used in case of the operation mode is guard-band or standalone when special subframe configuration #0 and #5 is used. Figure 3 shows an example of NRS transmission within DwPTS region when special subframe configuration #0 and #5 is used. 
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Figure 3 An example of NRS transmission in DwPTS (special subframe configuration #0 and #5)
In special subframe configurations other than special subframe configuration #0 and #5, it may possible to use DwPTS for NB-IoT DL traffic transmissions. In this case, we can consider two alternatives. The first alternative is reusing NRS pattern of TDD DL subframe within symbol indices of DwPTS. This alternative may require less specification effort; NRS pattern of DwPTS can be designed by removing NRS REs at unused symbol indices. Also, symbol level combining can be applied easily when subframe(s) are repeated more than one. In other way, unified NRS pattern for all special subframe configurations could be considered; transmit NRS on 3rd OFDM symbol in DwPTS regardless of special subframe configuration. In this case, impact of symbol level combining and RE mapping rule should be considered carefully because RS pattern of DwPTS will be different from TDD DL subframes. Note that details should be discussed further together with method of data transmission in DwPTS. 
Proposal 9: NRS transmission in DwPTS is supported.

Proposal 10: In special subframe configuration other than #0 and #5, NRS pattern for normal DL subframe is reused within DwPTS region.

· The 2nd and/or 3rd OFDM symbol(s) within DwPTS can be used for RE mapping for punctured OFDM symbol(s) within GAP and UpPTS region

Proposal 11: In special subframe configuration #0 and #5, NRS is transmitted on the 3rd OFDM symbol in DwPTS in case of in-band

· NPRS

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. We suggest discussing at least the following aspects.

· Utilization of DwPTS for NPRS transmission

· Indication of NPRS subframe based on which types of subframes

· Indication of neighbor cell NPRS subframe configuration related to the UL/DL configuration

Moreover, in FDD NB-IoT, collision between NPRS subframe and NRS/NPDCCH/NPDSCH transmission is assumed to be avoided in most cases by eNB scheduling. On the other hand, in TDD NB-IoT this assumption may be unrealistic since DL resources are limited due to DL/UL subframe interlacing. Therefore, we suggest discussing collision handling between NPRS subframe and NRS/NPDCCH/NPDSCH transmission for TDD NB-IoT design.

Proposal 12: Discuss NPRS subframe configuration and indication considering the following aspects for TDD NB-IoT design.

· Utilization of DwPTS for NPRS transmission

· Indication of NPRS subframe based on which types of subframes

· Indication of neighbor cell NPRS subframe configuration related to the UL/DL configuration

Proposal 13: Discuss collision handling between NPRS subframe and NRS/NPDCCH/NPDSCH transmission in TDD NB-IoT design

2.4. Search space for NPDCCH
Firstly, 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. To explain more specifically, in the TDD in-band or TDD guard-band operation modes, the number of downlink subframes per radio frame will be lower than the FDD case. Furthermore, 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 principle of deciding the starting subframe that makes up a search space used in FDD is applied in TDD without change. 

Figure 4 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. Assume that the carrier for the search space is anchor carrier, #0, #5, and #9 subframes cannot be used for search space and assume that two special subframes cannot be used as a DL valid subframe. Because of 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 4, the search space #1 is overlapped on the search space #2.
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Figure 4 An example of overlapped search spaces

To solve the aforementioned problem, following ways can be considered. 

· 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, hyper frame number (HFN) can be considered for additional time parameter and this can be used either by changing legacy mathematical expression or by adding new principle into legacy principles.

· Dropping the search space candidates or whole search space

On the other way, it can be considered that the way not to monitor the search space candidates or whole search space which are overlapped or back-to-back consisted by next search space candidate. Detailed values of principles can be put on FFS.
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 candidates or the number of search spaces when UE configured specific combinations of Rmax and G by eNB.

Proposal 14: 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 candidates or whole search space
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 5 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 5 An example of overlap problem between different Type1-CSS
Proposal 15: Scrambling on NPDCCH should be redesigned to avoid an overlap of search spaces between separate POs due to repetition.

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: When SIB-NB is transmitted on an anchor-carrier, subframes #4 and #8 in odd-numbered radio frames can be used together with subframes #0.

· Subframe index for SIB1-NB transmission is indicated by MIB-NB

· Regardless of subframe index used for SIB1-NB transmission, UE can expect NRSs in subframe #0 not carrying NSSS

· For the repetition number of SIB1-NB less than 16, subframes #4 and #8 are not used for SIB1-NB transmission

· For UL/DL configuration #1, SIB1-NB can be transmitted on the subframe either #0 or #4
· For UL/DL configuration #2~#5, SIB1-NB can be transmitted on the subframe either #0 or #8
· If UL/DL configuration #6 is supported, SIB1-NB is transmitted on the subframe #0
Proposal 2: Information of carrier(s) for SIB-NB transmission in MIB-NB is composed as follows:
· One state should be reserved for SIB1-NB transmission on (only) anchor-carrier

· At least two states should be reserved for higher and lower non-anchor carrier frequencies with regard to anchor-carrier

· Frequency position of non-anchor carriers are defined in a relative manner with regard to an anchor-carrier

· Whether or not to allow Guardband and Standalone operation modes to transmit SIB1-NB on a non-anchor carrier is FFS

· FFS on combinations of operation modes between anchor- and non-anchor carriers for SIB1-NB transmission upon non-anchor carrier

Proposal 3: Higher repetition number of SIB1-NB transmission on non-anchor carrier is supported than anchor-carrier.

· FFS, the repetition number can be directly derived from the existing schedulingInfoSIB1 without introducing additional information in MIB-NB

Proposal 4: UEs can expect NRSs in subframes #0, #5, and #9 in non-anchor carrier at least for the radio frames where and in between SIB1-NBs are transmitted when SIB1-NB is transmitted on non-anchor carrier.

Proposal 5: When SIB1-NB is transmitted on non-anchor carrier, interpretation and application of downlinkBitmap and nrs-CRS-PowerOffset should be studied.

· Whether or not to apply downlinkBitmap to anchor-carrier or corresponding non-anchor carrier or both

· Whether or not to add nrs-PowerOffsetNonAnchor in SIB1-NB

Proposal 6: N-RSRP measurement on non-anchor carrier where UE received SIB2-NB can be considered.

Proposal 7: Special subframes can be used for NPDCCH and NPDSCH transmissions.
Proposal 8: Efficient DCI design for TDD NB-IoT should be considered to save the DL resources for NPDCCH transmissions (e.g. multi-subframe scheduling DCI and/or compact DCI)
Proposal 9: NRS transmission in DwPTS is supported.

Proposal 10: In special subframe configuration other than #0 and #5, NRS pattern for normal DL subframe is reused within DwPTS region.

· The 2nd and/or 3rd OFDM symbol(s) within DwPTS can be used for RE mapping for punctured OFDM symbol(s) within GAP and UpPTS region

Proposal 11: In special subframe configuration #0 and #5, NRS is transmitted on the 3rd OFDM symbol in DwPTS in case of in-band

Proposal 12: Discuss NPRS subframe configuration and indication considering the following aspects for TDD NB-IoT design.

· Utilization of DwPTS for NPRS transmission

· Indication of NPRS subframe based on which types of subframes

· Indication of neighbor cell NPRS subframe configuration related to the UL/DL configuration

Proposal 13: Discuss collision handling between NPRS subframe and NRS/NPDCCH/NPDSCH transmission in TDD NB-IoT design

Proposal 14: 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 candidates or whole search space

Proposal 15: Scrambling on NPDCCH should be redesigned to avoid an overlap of search spaces between separate POs due to repetition.

4. Reference

[1] RP-171428, Revised WID on Further NB-IoT enhancements, Huawei, HiSilicon
[2] RAN1 Chairman’s Notes, 3GPP RAN1#90
[3] RAN1 Chairman’s Notes, 3GPP RAN1#90bis
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