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Introduction
In RAN1#92 meeting, the downlink aspects of NB-IoT TDD were discussed. The following agreements were reached [1]. 
Agreement
· On an anchor carrier with 16 SIB1-NB repetitions, SIB1-NB can be transmitted on either of subframe #0 or subframe #4. FFS how the subframe is known to UE.

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

Agreement
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

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
· FFS on NRS mapping


In this contribution, we continue to discuss the remaining design details of DL aspects, such as SIB1-NB on the anchor or non-anchor carrier and NPDCCH/NPDSCH presence in DwPTS. 
Discussion 
SIB1-NB
Additional subframe for SIB1-NB on the anchor subcarrier
For the SIB1-NB on the anchor carrier, it was agreed to use either subframe #0 or subframe #4 for SIB1-NB configured with 16 repetitions and FFS how the subfame is known to UE. One solution is to add one extra bit to indicate the subframe. Alternatively, we can use the reserved state of the 4-bits scheduling and size field. Currently, there are 4 reserved entries (i.e., 12 to 15) in the table 16.4.1.3-3. These can be used to indicate the SIB1-NB transmission on subframe #4. Compared to the first option, there is no increase of MIB-NB overhead.
Proposal 1: For the SIB1-NB transmission on the anchor carrier, the 4 reserved states of the table 16.4.1.3-3 are used to indicate the usage of subframe #4 for 16 repetition transmission. 
SIB1-NB on the non-anchor subcarrier
In order to identify on which carrier SIB1-NB is transmitted, indication in MIB-NB is needed. Furthermore, the location of the non-anchor carrier need also to be indicated. Two options can be considered.
· Option 1: Use the spare bits in legacy MIB-NB
· Option 2: Exploit the reserved state of the 4-bits scheduling and size field
In case of option 1, more than one bit may be needed, e.g., one bit for the anchor/non-anchor carrier indication and another 1-2 bits to indicate the non-anchor carrier location. The advantage is the signalling flexibility, but the overhead is increased.
For option 2, the reserved states of the SIB1-NB scheduling information can be used for indication of the non-anchor carrier. According to the agreement in last meeting, only 8 and 16 repetitions for SIB1-NB transmission on the non-anchor carrier are supported. Based on this, only 8 scheduling states are needed for the SIB1-NB transmission on the non-anchor carrier. If the number of scheduling bits is maintained as 4 then the unused 8 states can be used for indication of the non-anchor carrier. It is noted that the 8 unused states can only be used to indicate either the anchor/non-anchor carrier indication or the non-anchor carrier location but not both. Therefore, it is desirable to use the spare bits in MIB-NB to indicate whether the SIB1-NB is on the non-anchor carrier or not. 
Proposal 2: The transmission of SIB1-NB on the anchor and non-anchor carrier is indicated by one bit in MIB-NB. 
For indication of the frequency location of the non-anchor carrier, one option is to use implicit signaling based on physical cell ID, e.g., fixing the location of the non-anchor carrier relative to the anchor carrier, either the next one or the previous one dependent on the physical cell ID. In such case, additional bit indicator in MIB-NB can be avoided. However, the usage of the adjacent carrier to the anchor carrier as the non-anchor carrier for SIB1-NB may result in the anchor and non-anchor carrier not in the same RBG which may degrade the PRB resource utilization for the inband LTE system. As shown in Figure 1 below, if the anchor carrier is on PRB #9, the non-anchor carrier shall be on the next carrier to the anchor carrier, i.e., PRB #10 in order to have the anchor and non-anchor carriers on the same RBG. Similarly, if anchor carrier is on PRB #35, then the non-anchor carrier shall be on the previous carrier to the anchor carrier, i.e., PRB #34. The frequency location of the non-anchor carrier cannot be determined only based on the physical cell ID. To provide flexibility for deployment, it is preferable to have explicit signalling in MIB-NB to indicate the location of the non-anchor carrier. 
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Figure 1: Relationship between the anchor/non-anchor carrier and LTE RBG (10MHz BW)
To reduce the signalling overhead, we can restrict the number of the possible locations of the non-anchor carrier. For inband and standalone deployment, the location of the non-anchor carrier can be fixed relative to the anchor carrier, e.g., either the previous one or the next one. In such case, only 1 bit is needed to indicate the frequency location of the non-anchor. For guardband deployment, the non-anchor carrier can be either on the guardband or inband according to the agreement. Therefore, more indication bits may be needed. However, if the non-anchor carrier is defined as the adjacent carrier to the guardband anchor carrier then the 1-bit indicator is just used to indicate the non-anchor carrier on the guardband or inband. The location of the inband or guardband non-anchor carrier can be determined based on the 2-bits raster offset of the anchor carrier. For example, if the raster offset of the anchor carrier is -2.5kHz which means the anchor carrier is on the upper part of the system bandwith, then the frequency offset of the guardband non-anchor carrier to the anchor carrier is 180kHz and the frequency offset of the inband non-anchor carrier to the anchor carrier is -180kHz. Similarly, if the raster offset is 7.5kHz which means the anchor carrier is on the upper part of the system bandwith, then the frequency offset of the guardband non-anchor carrier to the anchor carrier is -180kHz and the offset of the inband anchor carrier is 180+45=235kHz. This is because for raster offset +/- 7.5kHz there are additional 3 guardband subcarriers. With this approach, there is no need to signal the LTE system bandwidth and the absolute offset of the non-anchor carrier to the LTE center frequency thus saving overhead.
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Figure 2: Relationship between the anchor/non-anchor carrier based on the raster offset
Proposal 3: The frequency position of the non-anchor carrier for transmission of SIB1-NB is indicated by 1 bits in MB-NB
· For in-band and standalone mode, the 1-bits indicates the previous (i.e., +180KHz offset) or the next carrier (i.e., -180KHz offset) to the anchor carrier.
· For guardband, the 1-bit indicates the non-anchor carrier on the guardband or inbband with the relative offset to the anchor carrier determined by the raster offset of the anchor carrier.

Another open issue for transmission of SIB1-NB on the non-anchor carrier is time domain subframes and radio frames. The subframe of SIB1-NB on the non-anchor carrier can choose from subframe #0, #5 and #9, which are downlink subframes with any of supported UL/DL configurations. For simplicity, the subframe on the non-anchor carrier can be fixed, e.g., using subframe #0 same as the anchor carrier. Furthermore, the radio frame can be determined based on cell ID by reusing the same scheduling information table of FDD.
Proposal 4: For the SIB1-NB transmission on the non-anchor carrier, subframe #0 is used. The radio frame is determined based on cell ID by reusing the same scheduling information table of FDD.
NRS
To support NPDCCH/NPDSCH in DwPTS, a new NRS pattern may need to be defined. Currently, NRS is transmitted on last two OFDM symbols in each slot as shown in Figure 3. For DwPTS with 11 or 12 OFDM symbols, the last two OFDM symbols in the second slot of the subframe are used for GP and UpPTS. Therefore, one option for NRS in the special subframe is to puncture the last two NRS symbols. It is also possible to consider a shifted NRS pattern as shown in Figure 3 where NRS is mapped to the 3rd and 4th OFDM symbols of each slot. For this option, the same density as in normal DL subframe is reused for NRS in special subframe.
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Figure 3: NRS pattern in normal and special subframe
Proposal 5: For NRS transmission in special subframe
· For special subframe configuration #0 and #5, NRS is not transmitted
· For special subframe configurations #3, #4 and #8, NRS is mapped to the 3rd and 4th symbols of each 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 configurations #9 and #10, NRS is mapped to the 3rd and 4th symbols of the first slot.

NPDCCH/NPDSCH
For NPDCCH/NPDSCH of NB-IoT TDD, we can adopt FDD design as much as possible. Due to the limited number of DL subframes for some TDD UL/DL configurations, it is supported that NPDCCH/NPDSCH for broadcast transmission such as the SI message can be transmitted on the non-anchor carrier. It shall be also discussed whether to support NPDCCH/NPDSCH in the special subframe for TDD NB-IoT.
There could be the following choices for NPDCCH/NDSCH in the special subframe:
· Option 1: NPDSCH/NPDCCH would not be allocated on special sub-frames. If repetition is configured, the allocation would be postponed to the next possible DL sub-frame.
· Option 2: NPDSCH/NPDCCH shall be assumed to be allocated on special sub-frames, but the entire subframe shall be punctured. UE shall ignore such special sub-frames while receiving NPDSCH/NPDCCH.
· Option 3: NPDSCH/NPDCCH shall be assumed to be allocated as in other sub-frames. Puncturing shall be applied for the OFDM symbols used for GP and UpPTS.
· Option 4: NPDSCH/NPDCCH shall be assumed to be allocated on special sub-frames. The rate matching shall be done accounting for the reduced number of OFDM symbols
We think the NPDCCH/NPDSCH allocation in the special subframe can be a function of special subframe configuration. That is, if the number of OFDM symbols in DwPTS is smaller than X, then the special subframe will be treated as the invalid subframe and NPDCCH/NPDSCH will be postponed to the next possible DL subframe. If the number of OFDM symbols is greater than X, then NPDCCH/NPDSCH can be presented in the special subframe using puncturing or rate matching. The minimum value of X shall be 3 to align with LTE.
Proposal 6: For NPDCCH in DwPTS:
· When the number of OFDM symbols of the DwPTS is 3, NPDCCH is not transmitted in DwPTS for inband and NPDCCH can be transmitted in DwPTS for guardband and standalone but limited to format 0
· Rate matching is used for RE mapping of NPDCCH in DwPTS. For NPDCCH with repetition, the coded bits that are mapped to the each subframe are generated by continuing reading from the virtual circular buffer.

Proposal 7: For NPDSCH in DwPTS:
· [bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]For NPDSCH without repetition, rate matching is used for RE mapping of NPDSCH in DwPTS
· If repetition is used for NPDSCH carrying BCCH, rate matching is performed by using all the REs in the DwPTS
· If repetition is used for NPDSCH not carrying BCCH, the complexed-valued modulation symbols mapped to the GP and UpPTS are punctured. OFDM symbols which are available in DwPTS but not in normal DL subframe are not used for RE mapping.
Conclusions
In this contribution, we discussed the DL design aspects of NB-IoT TDD. We made the following proposals:
Proposal 1: For the SIB1-NB transmission on the anchor carrier, the 4 reserved states of the table 16.4.1.3-3 are used to indicate the usage of subframe #4 for 16 repetition transmission. 
Proposal 2: The transmission of SIB1-NB on the anchor and non-anchor carrier is indicated by one bit in MIB-NB. 
Proposal 3: The frequency position of the non-anchor carrier for transmission of SIB1-NB is indicated by 1 bits in MB-NB
· For in-band and standalone mode, the 1-bits indicates the previous (i.e., +180KHz offset) or the next carrier (i.e., -180KHz offset) to the anchor carrier.
· For guardband, the 1-bit indicates the non-anchor carrier on the guardband or inbband with the relative offset to the anchor carrier determined by the raster offset of the anchor carrier
Proposal 4: For the SIB1-NB transmission on the non-anchor carrier, subframe #0 is used. The radio frame is determined based on cell ID by reusing the same scheduling information table of FDD.
Proposal 5: For NRS transmission in special subframe
· For special subframe configuration #0 and #5, NRS is not transmitted
· For special subframe configurations #3, #4 and #8, NRS is mapped to the 3rd and 4th symbols of each 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 configurations #9 and #10, NRS is mapped to the 3rd and 4th symbols of the first slot
Proposal 6: For NPDCCH in DwPTS:
· When the number of OFDM symbols of the DwPTS is 3, NPDCCH is not transmitted in DwPTS for inband and NPDCCH can be transmitted in DwPTS for guardband and standalone but limited to format 0
· Rate matching is used for RE mapping of NPDCCH in DwPTS. For NPDCCH with repetition, the coded bits that are mapped to the each subframe are generated by continuing reading from the virtual circular buffer
Proposal 7: For NPDSCH in DwPTS:
· For NPDSCH without repetition, rate matching is used for RE mapping of NPDSCH in DwPTS
· If repetition is used for NPDSCH carrying BCCH, rate matching is performed by using all the REs in the DwPTS
· If repetition is used for NPDSCH not carrying BCCH, the complexed-valued modulation symbols mapped to the GP and UpPTS are punctured. For OFDM symbols which are available in DwPTS but not in normal DL subframe, they are not used for RE mapping.

References
[1] 3GPP RAN1#92, Chairman’s notes


1/6
image1.emf
PRB 0 1 2 3 4 5 6 7 8 91011121314151617181920212223242526272829303132333435363738394041424344454647

RBG

RBG6 RBG7 RBG8 RBG9 RBG10 RBG11



RBG12 RBG13 RBG14 RBG15 RBG0 RBG1 RBG2 RBG3 RBG4 RBG5


image2.emf
Guard 

PRB

PRB 0 PRB 1 PRB 24 PRB 25 PRB 48 PRB 49

Guard 

PRB

Guard 

PRB

Guard 

PRB

DC 

carrier

10MHz BW

-4597.5 kHz

(+2.5KHz raster offset)

4597.5 kHz

(-2.5kHz raster offset)

Anchor 

carrier

Anchor 

carrier

Guardband 

non-anchor

Inband 

non-anchor


image3.emf
0 1 2 3 4 5 6 7 8 910111213 0 1 2 3 4 5 6 7 8 910111213

LTE CRS LTE PDCCH NRS Port 0 NRS Port 1



Normal DL subframe Speical subframe


