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1 Introduction

In RAN1 #92bis meeting, the following agreements on DL aspects were made for TDD support in feNB-IoT [1]: 

Agreement: 
· 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


Agreement: 
· 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


Agreement:
· 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.

Agreement:
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.

Agreement:
· 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 share our views on the remaining design details of DL aspects for TDD NB-IoT, including the SIB1-NB transmission on non-anchor carrier, and NPDCCH and NPDSCH transmission on special subframes. 
2 Design of DL aspects for support of TDD in feNB-IoT
2.1 SIB1-NB transmission on non-anchor carrier
For the indication of whether SIB1-NB is transmitted on anchor or non-anchor carrier, 1 reserved bit in MIB-NB can be used. When it indicates to transmit SIB1-NB on non-anchor carrier, the indication methods for frequency location of SIB1-NB non-anchor carrier in in-band/in-band and standalone/standalone cases have been agreed in last RAN1 meeting. In this section, we discuss about the indication method for the guard-band case.  

Recall that in RAN1 #92 meeting [2], it was agreed to support guard-band anchor + guard-band non-anchor and guard-band anchor + in-band non-anchor (the latter one is supported at least for differentPCI case). Thus, for guard-band anchor case, 1-bit indication is needed to differentiate whether the SIB1-NB is transmitted on guard-band non-anchor or in-band non-anchor carrier. 
· For SIB1-NB transmission on guard-band non-anchor scenarios, the non-anchor carrier with SIB1-NB can be either the adjacent carrier to the guard-band anchor carrier or the guard-band carrier symmetric to the anchor carrier on the other side of the system bandwidth. For system bandwidth of 5 MHz, there is only one guard-band carrier on each side and thus there is no available adjacent guard-band non-anchor carrier. To have a common design for all system bandwidth, it is preferred to support symmetric guard-band carrier as the non-anchor carrier for the SIB1-NB transmission. To determine the frequency location of the symmetric guard-band non-anchor carrier, the system bandwidth needs to be indicated. As the 2-bit raster offset indication in the MIB-NB implies which side of the system bandwidth the guard-band anchor carrier locates depending on whether the raster offset is negative or positive, and additionally it implies whether the system bandwidth is even or odd depending on whether the absolute value of raster offset is 2.5 or 7.5 kHz, one more bit would be sufficient to identify the system bandwidth, i.e. 5 or 15 MHz if it is odd system bandwidth and 10 or 20 MHz if it is even system bandwidth.
· For SIB1-NB transmission on in-band non-anchor scenarios, the non-anchor carrier can be the one within the system bandwidth closest to the guard-band anchor carrier. As the 2-bit raster offset implies the location of the guard-band anchor carrier as well as the gap from the guard-band anchor carrier to the system bandwidth edge, there is no need for additional explicit indication for frequency location of the in-band non-anchor carrier with SIB1-NB transmission. 
Regarding whether the samePCI case is supported for the guard-band anchor + in-band non-anchor scenario, it is preferred to support this case to provide more deployment flexibility. Additional indication for LTE CRS information is needed for the in-band non-anchor scenario, to indicate the correct RE mapping for SIB1-NB and the CRS sequence information for samePCI case. Similar to the FDD case, the shift for CRS locations can be obtained by NB-IoT PCID modulo 6. The number of CRS ports can be assumed to be the same as NRS ports for the samePCI case, and can be indicated by 1 bit for the differentPCI case to indicate whether LTE CRS has the same number of ports as NRS or the number of CRS ports is 4. With the above information as well as the location of guard-band anchor carrier indicated based on the 2-bit raster offset, the REs used for LTE CRS can be obtained. For samePCI case, additional information for CRS sequence on the in-band non-anchor carrier is needed to facilitate the use of LTE CRS by NB-IoT UEs, and thus the indication of system bandwidth would be needed. As discussed in the guard-band anchor + guard-band non-anchor scenario above, 1 bit would be sufficient for the system bandwidth indication. In addition, to differentiate the cases between samePCI and differentPCI, 1 additional bit would be needed. 
In summary, 1 reserved bit in MIB-NB is used to indicate whether SIB1-NB is transmitted on anchor or non-anchor carrier. For guard-band anchor case, 1 bit in MIB-NB is used to indicate whether the SIB1-NB is transmitted on guard-band non-anchor or in-band non-anchor carrier. For guard-band anchor + guard-band non-anchor scenario, 1 bit is used to indicate the system bandwidth, while for guard-band anchor + in-band non-anchor scenario, 1 bit is used to indicate whether it is samePCI or differentPCI. For differentPCI case, 1 bit is used to indicate the number of LTE CRS ports. On the other hand, for samePCI case, the number of CRS ports can be assumed to be the same as NRS and 1 bit is used to indicate the system bandwidth to provide LTE CRS sequence information. Recall that there are 3 spare bits in the 5-bit field for indication of raster offset in guard-band anchor scenario, these bits can be used to carry the information for SIB1-NB transmission on the non-anchor carrier and indication for LTE CRS. The indication method is summarized in Table 1.
	Scenarios
	1 reserved bit
	1 additional reserved bit
	Up to 3 bits in 5-bit field for indication of raster offset

	In-band/in-band
	SIB1-NB on anchor or non-anchor
	Offset from anchor carrier
	N/A

	Guard-band anchor + 
in-band non-anchor
	
	Reserved
	1 bit to indicate whether non-anchor is in-band or guard-band. 
1 bit to indicate whether it is samePCI or differentPCI.

1 bit to indicate number of CRS ports for differentPCI case and to indicate the system bandwidth for samePCI case.

	Guard-band anchor + guard-band non-anchor
	
	Reserved
	1 bit to indicate whether non-anchor is in-band or guard-band. 
1 bit to indicate the system bandwidth.

	Standalone/standalone
	
	Offset from anchor carrier
	N/A


Table 1. Indication method for SIB1-NB transmission on non-anchor carrier
Proposal 1:

· For SIB1-NB transmission on non-anchor carrier, support guard-band anchor + in-band non-anchor for both differentPCI and samePCI cases. 
Proposal 2:

· 1 reserved bit in MIB-NB indicates whether SIB1-NB is transmitted on anchor or non-anchor carrier.
· For guard-band anchor case, 3 spare bits in the 5-bit field for indication of raster offset are used for the indication of SIB1-NB transmission on non-anchor carrier:
· 1 bit indicates whether the SIB1-NB non-anchor carrier is in-band or guard-band carrier. 
· For guard-band non-anchor carrier with SIB1-NB transmission, 1 bit indicates the system bandwidth.
· For in-band non-anchor carrier with SIB1-NB transmission, 

· 1 bit indicates whether it is samePCI or differentPCI.

· 1 bit indicates the number of LTE CRS ports for differentPCI case and the system bandwidth for samePCI case.
2.2 NPDCCH/NPDSCH design
For NPDCCH transmission during DwPTS, there is an FFS regarding whether all DwPTS configurations are supported for NPDCCH. For special subframe configurations 0 and 5, there are only 3 symbols within DwPTS, which would result in limited available symbols for NPDCCH transmission for in-band case considering the LTE control region. Thus, it is preferred to not support NPDCCH transmission for special subframe configurations 0 and 5 for in-band mode. 
Regarding the RE mapping for NPDCCH and NPDSCH during DwPTS, one option is to rate match the coded bits to the available REs in DwPTS. Alternatively, rate matching can be the same as in regular full DL subframe with the remaining symbols during the guard period and UpPTS duration being punctured. The latter option enables symbol-level combining across repetitions, and thus is preferred for NPDCCH and NPDSCH transmission with repetitions. On the other hand, for NPDCCH and NPDSCH without repetitions, the rate matching to available REs in DwPTS can be adopted. 
For the search space design, recall that in Rel-13 NB-IoT, the starting subframe of the search space is the absolute subframe. Considering more subframes may become invalid DL subframes in TDD systems, larger values of G is needed to avoid potential overlaps between search spaces. Thus, we propose to extend the range of G, e.g. from {1.5, 2, 4, 8, 16, 32, 48, 64} in FDD to {2, 4, 8, 16, 32, 48, 64, 128} in TDD. 
Proposal 3:
· NPDCCH transmission is not supported for special subframe configurations 0 and 5 for in-band mode. 
· The RE mapping for NPDCCH/NPDSCH transmission during DwPTS is as follows.
· For NPDCCH/NPDSCH transmission with repetitions, the rate matching follows the regular full DL subframe, with the transmission on remaining symbols that are not part of DwPTS being punctured. 

· For NPDCCH/NPDSCH transmission without repetitions, consider the rate matching to available REs within DwPTS.

Proposal 4:
· Extend the value of G for NPDCCH search space. 
· The set of values for parameter G can be {2, 4, 8, 16, 32, 48, 64, 128} in TDD NB-IoT.
3 Conclusion

In this contribution, we discuss the design on DL aspects for the support of TDD for feNB-IoT. Based on the discussions, we make the following proposals:
Proposal 1:

· For SIB1-NB transmission on non-anchor carrier, support guard-band anchor + in-band non-anchor for both differentPCI and samePCI cases. 
Proposal 2:

· 1 reserved bit in MIB-NB indicates whether SIB1-NB is transmitted on anchor or non-anchor carrier.
· For guard-band anchor case, 3 spare bits in the 5-bit field for indication of raster offset are used for the indication of SIB1-NB transmission on non-anchor carrier:
· 1 bit indicates whether the SIB1-NB non-anchor carrier is in-band or guard-band carrier. 

· For guard-band non-anchor carrier with SIB1-NB transmission, 1 bit indicates the system bandwidth.

· For in-band non-anchor carrier with SIB1-NB transmission, 

· 1 bit indicates whether it is samePCI or differentPCI.

· 1 bit indicates the number of LTE CRS ports for differentPCI case and the system bandwidth for samePCI case.
Proposal 3:
· NPDCCH transmission is not supported for special subframe configurations 0 and 5 for in-band mode. 
· The RE mapping for NPDCCH/NPDSCH transmission during DwPTS is as follows.
· For NPDCCH/NPDSCH transmission with repetitions, the rate matching follows the regular full DL subframe, with the transmission on remaining symbols that are not part of DwPTS being punctured. 

· For NPDCCH/NPDSCH transmission without repetitions, consider the rate matching to available REs within DwPTS.

Proposal 4:
· Extend the value of G for NPDCCH search space. 
· The set of values for parameter G can be {2, 4, 8, 16, 32, 48, 64, 128} in TDD NB-IoT.
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