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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
There are some agreements of TDD NB-IoT which are not correctly reflected in the RAN1 spec. This paper discusses these issues and give the recommended corrections.
NPDSCHRAN1 #93 Agreement
For NPDSCH without repetition, rate matching is used for RE mapping in the special subframe.
For NPDSCH with repetition/cyclic repetition, 
· The resource mapping in special subframe follows the regular full DL subframe, with the transmission on remaining symbols that are not part of DwPTS being punctured. 
· NPDSCH is punctured by NRS REs
· Valid special subframes are counted for number of NPDSCH repetitions

In RAN1 #93 meeting, it was agreed that for NPDSCH with repetition, the rate matching in special subframe follows the regular full DL subframe and NPDSCH is punctured by NRS REs. But it is unclear in the current 211 specification how to handle the REs in a special subframe (rate matching or puncturing) that are used for NRS in a downlink subframe but do not carry NRS in the special subframe in OFDM symbols . Take special subframe configuration #3 as an example shown in figure 1, for the REs (marked as gray and dotted line in fig.1), it is unclear in the current 211 specification how to handle these REs. In order to make cross-subframe combining during repetition, it is preferred to rate match around these REs so we have the following proposal to solve this issue.


Fig. 1 special subframe with 11 symbols DwPTS, 2 symbols GP and 1 symbol UpPTS
In general, the current descriptions for NPDSCH resource mapping for TDD NB-IoT use a high degree of duplication. This tends to lead to high maintenance workload going forwards, and text should only appear the minimum necessary number of times in specification – ideally only once.
Proposal 1: NPDSCH with repetitions is rate matched in a special subframe around REs that are used for NRS in a downlink subframe but not carrying NRS in a special subframe when .
Proposal 2: Adopt the TP in Annex A.
NPDCCHRAN1 #93 Agreement
· For NPDCCH candidates without repetition, the rate matching per NPDCCH in a special subframe is done according to the available REs within DwPTS in each transmission subframe
· For NPDCCH candidates with repetitions, the rate matching in special subframe follows the regular full DL subframe, with the transmission on remaining symbols that are not part of DwPTS being punctured.  

In RAN1#93, it was agreed that for NPDCCH without repetition, the rate matching is done according to the available REs within DwPTS. But the spec is not clear about whether NPDCCH resource mapping is within DwPTS. And it is also not clear how to deal with the NRS in a special subframe when . In order to guarantee the channel estimation performance, it is preferred to puncture NPDCCH and avoid any impact on NRS.

For NPDCCH candidates with repetition, the rate matching in special subframe follows the regular full DL subframe. It means that NPDCCH is rate matched around NRS in the special subframe but the agreement is not clear if around the actual locations of NRS in the special subframe, or also the locations in the normal subframe. It is the same issue with NPDSCH resource mapping. To allow cross-subframe combining during repetition, it is preferred to rate matche around the REs that are used for NRS in a downlink subframe but not carrying NRS in a special subframe. The current descriptions in the spec. for NPDCCH resource mapping for TDD NB-IoT is also highly duplicated. The insertion of <NIL> elements for NPDCCH with repetitions in TDD is missing in the spec.

Proposal 3: Add the operation of insertion of <NIL> elements for NPDCCH with repetitions in the spec.

Proposal 4: NPDCCH with repetitions is rate matched around REs that are used for NRS in a downlink subframe but not carrying NRS in a special subframe when .

Proposal 5: For NPDCCH with repetitions, NPDCCH is punctured by NRS REs in a special subframe when .

Proposal 6: Adopt the TP in Annex B.

OTDOA
In FDD, in order to avoid the collision between SIB1-NB and NPRS if only part B is configured on anchor carrier, the repetition number of SIB1-NB is indicated in OTDOA assistance data. However, additional SIB1-NB is introduced in Rel-15 FDD NB-IoT

Proposal 7: In OTDOA for Rel-15 FDD, SIB1-NB subframe number {SF#3, SF#4} is indicated in OTDOA assistance data. The detailed signaling is left to RAN2.

In TDD, the same information should also be needed to avoid the collision between SIB1-NB and NPRS. However, in TDD, the SIB1-NB can be transmitted on anchor or non-anchor carrier. The subframe for SIB1-NB on anchor carrier is subframe #0 or subframe #4, the subframe for SIB1-NB on non-anchor carrier is subframe #0 and subframe #5.

Proposal 8: In TDD OTDOA, SIB1-NB subframe number {SF#0, SF#4, SF#0+SF#5} is indicated per carrier. When this indication is not present, there is no SIB1-NB transmission.

Rel-14 enhanced NPRSRAN1 #93 Agreement for TDD NB-IoT
· In normal DL subframes that are used for NPRS transmission, the NPRS generation is the same as NB-IoT FDD, including any revised NPRS introduced in FDD Rel-14.

RAN1 #93 Agreement for FDD NB-IoT
· For the guard band and standalone cases, the UE is not expected to be configured with a legacy NPRS sequence
· For the in-band case, the new NPRS sequence that is designed can operate in a backward compatible manner with the Rel-14 NPRS by configuration
· The new NPRS sequence is generated by changing current NPRS mapping to resource elements  in TS 36.211 Section 10.2.6A.2 to


In RAN1 #93 meeting, it was agreed to adopt the revised NPRS introduced in FDD Rel-14. And in FDD NB-IoT, it was agreed to change NPRS mapping. The same NPRS enhancement should be used in TDD, and since there are no installed TDD NB-IoT UEs with OTDOA support, there should be no support for legacy Rel-14 NPRS in TDD. See [2], [3] for discussion of remaining details on the Rel-14 issue.

Proposal 9: Adopt the TP in Annex C.

NRS
Based on the current spec for TDD NB-IoT, the UE may assume NRS are transmitted in subframe #0 and #5 before the UE obtains SIB1-NB on non-anchor carrier. But it is unclear about the NRS assumptions after the UE obtains SIB1-NB on non-anchor carrier. Similar with FDD, the UE may assume NRS are transmitted in SF#0, SF#5 and NB-IoT downlink subframes after the UE obtains SIB1-NB on a non-anchor carrier.

Proposal 10: On a non-anchor carrier for SIB1-NB, the UE may assume NRS are transmitted in SF#0, SF#5 and NB-IoT downlink subframes after the UE obtains SIB1-NB.

Proposal 11: Adopt the TP in Annex D.

Guard period for TDDRAN1 #93 Agreement
For UE configured with 2 HARQ processes the minimum gap between NPUSCH transmission and NPDCCH/NPDSCH reception is as follows:
In the case of in-band operation mode, an explicit guard time is not defined
For 15 kHz SCS, in the case of guard-band and standalone operation modes, UE is allowed to skip at least part of the first OFDM symbol in a downlink subframe right after an uplink subframe where the UE performs uplink transmission.
Clarify which part in CR phase

In RAN1 #93 meeting, for 2-HARQ UEs, the UE is allowed to not receive at least part of the first OFDM symbol in a downlink subframe right after an uplink subframe for 15 kHz SCS for guard-band and standalone operation modes due to 40us switching time for TDD NB-IoT UEs. It leads to a simpler system if eNB knows certainly how much the UE will skip, and UE implementation knows exactly how much time is provided for switching, and the whole first symbol is clearly specified as not received. 
Proposal 12: For UE configured with 2 HARQ processes, the UE is allowed to not receive the first symbol of a downlink subframe immediately following an uplink subframe for 15-kHz subcarrier spacing for guard-band and standalone operation mode.
Proposal 13: Adopt the TP in Annex E.

Conclusion
In this paper, we give some corrections for TDD DL parts.
Proposal 1: NPDSCH with repetitions is rate matched in a special subframe around REs that are used for NRS in a downlink subframe but not carrying NRS in a special subframe when .
Proposal 2: Adopt the TP in Annex A.
Proposal 3: Add the operation of insertion of <NIL> elements for NPDCCH with repetitions in the spec.

Proposal 4: NPDCCH with repetitions is rate matched around REs that are used for NRS in a downlink subframe but not carrying NRS in a special subframe when .

Proposal 5: For NPDCCH with repetitions, NPDCCH is punctured by NRS REs in a special subframe when .

Proposal 6: Adopt the TP in Annex B.

Proposal 7: In OTDOA for Rel-15 FDD, SIB1-NB subframe number {SF#3, SF#4} is indicated in OTDOA assistance data. The detailed signaling is left to RAN2.

Proposal 8: In TDD OTDOA, SIB1-NB subframe number {SF#0, SF#4, SF#0+SF#5} is indicated per carrier. When this indication is not present, there is no SIB1-NB transmission.
Proposal 9: Adopt the TP in Annex C.

Proposal 10: On a non-anchor carrier for SIB1-NB, the UE may assume NRS are transmitted in SF#0, SF#5 and NB-IoT downlink subframes after the UE obtains SIB1-NB.

Proposal 11: Adopt the TP in Annex D.

Proposal 12: For UE configured with 2 HARQ processes, the UE is allowed to not receive the first symbol of a downlink subframe immediately following an uplink subframe for 15-kHz subcarrier spacing for guard-band and standalone operation mode.

Proposal 13: Adopt the TP in Annex E.
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Annex A
---------------------------------------------Start of Text Proposal----------------------------------------
[bookmark: _Toc454818195]10.2.3.4	Mapping to resource elements
NPDSCH can be mapped to one or more than one subframes, [image: ], as given by clause 16.4.1.3 of 3GPP TS 36.213 [4], each of which shall be transmitted  times.
For frame structure type 1 and fFor each of the antenna ports used for transmission of the physical channel, the block of complex-valued symbols [image: ] shall be mapped to resource elements [image: ] which meet all of the following criteria in the current subframe: 
-	the subframe is not used for transmission of NPBCH, NPSS, or NSSS, and 
-	they are assumed by the UE not to be used for NRS, and
-	they are not overlapping with resource elements used for CRS as defined in clause 6 (if any), and

-	the index  in the first slot in a subframe fulfils [image: ] where [image: ]is given by clause 16.4.1.4 of 3GPP TS 36.213 [4]., and
-	for frame structure Type 2
	-	in a special subframe, if , they are in DwPTS
	-	in a special subframe, if , they are not NRS locations in a normal subframe for .




The mapping of [image: ] in sequence starting with [image: ] to resource elements  on antenna port  meeting the criteria above shall be in increasing order of first the index  and then the index, starting with the first slot and ending with the second slot in a subframe. For NPDSCH not carrying BCCH, after mapping to a subframe, the subframe shall be repeated for  additional subframes, before continuing the mapping of [image: ] to the following subframe.  
For frame structure type 2, and for each of the antenna ports used for transmission of the physical channel,  and , the block of complex-valued symbols [image: ] shall be mapped to resource elements [image: ] which meet all of the following criteria in the current subframe: 
-	the subframe is not used for transmission of NPBCH, NPSS, or NSSS, and 
-	they are assumed by the UE not to be used for NRS, and
-	they are not overlapping with resource elements used for CRS as defined in clause 6 (if any), and
-	they belong to DwPTS if the subframe is a special subframe, and
-	the index [image: ] in the first slot in a subframe fulfils [image: ] where [image: ] is given by clause 16.4.1.4 of 3GPP TS 36.213 [4].
The mapping of [image: ] in sequence starting with [image: ] to resource elements [image: ] on antenna port [image: ] meeting the criteria above shall be in increasing order of first the index [image: ] and then the index[image: ], starting with the first slot and ending with the second slot in a subframe. 
For frame structure type 2, and for each of the antenna ports used for transmission of the physical channel,  and , the block of complex-valued symbols [image: ] shall be mapped to resource elements [image: ] which meet all of the following criteria in the current subframe: 
-	the subframe is not used for transmission of NPBCH, NPSS, or NSSS, and 
	-they are assumed by the UE not to be used for NRS when , and
-	they are not overlapping with resource elements used for CRS as defined in clause 6 (if any), and
-	the index [image: ] in the first slot in a subframe fulfils [image: ] where [image: ] is given by clause 16.4.1.4 of 3GPP TS 36.213 [4].
The mapping of [image: ] in sequence starting with [image: ] to resource elements [image: ] on antenna port [image: ] meeting the criteria above shall be in increasing order of first the index [image: ] and then the index[image: ], starting with the first slot and ending with the second slot in a subframe. For NPDSCH not carrying BCCH, after mapping to a subframe, the subframe shall be repeated for  additional subframes, before continuing the mapping of [image: ] to the following subframe. The resource elements in a special subframe that are not part of DwPTS are counted but not used in the mapping if . When , the resource elements in a special subframe assumed by the UE for NRSs are counted but not used in the mapping if .
< Unchanged parts are omitted >
-------------------------------------------- End of Text Proposal ----------------------------------

Annex B
---------------------------------------------Start of Text Proposal----------------------------------------
10.2.5.5	Mapping to resource elements



For frame structure type 1, tThe block of complex-valued symbols  shall be mapped in sequence starting with  to resource elements  on the associated antenna port which meet all of the following criteria: 
-	they are part of the NCCE(s) assigned for the NPDCCH transmission, and
-	they are not used for transmission of NPBCH, NPSS, or NSSS , and 
-	they are assumed by the UE not to be used for NRS, and
-	they are not overlapping with resource elements used for CRS as defined in clause 6 (if any), and



-	the index  in the first slot in a subframe fulfils  where is given by clause 16.6.1 of 3GPP TS 36.213 [4]., 
-	for frame structure Type 2, 
-	in a special subframe where the NPDCCH is transmitted in one subframe, they are in DwPTS
-	in a special subframe where the NPDCCH is transmitted in more than one subframe, they are not NRS locations in a normal subframe for .
For frame structure type 2, when the NPDCCH is transmitted in one subframe, the block of complex-valued symbols [image: ] shall be mapped in sequence starting with [image: ] to resource elements [image: ] on the associated antenna port which meet all of the following criteria: 
-	they are part of the NCCE(s) assigned for the NPDCCH transmission, and
-	they are not used for transmission of NPBCH, NPSS, or NSSS, and 
-	they are assumed by the UE not to be used for NRS, and
-	they are not overlapping with resource elements used for CRS as defined in clause 6 (if any), and
-	the index [image: ] in the first slot in a subframe fulfils [image: ] where [image: ] is given by clause 16.6.1 of 3GPP TS 36.213 [4].





The mapping to resource elements  on antenna port  meeting the criteria above shall be in increasing order of first the index  and then the index, starting with the first slot and ending with the second slot in a subframe. Denote  as the complex-valued symbols that are mapped to resource elements meeting the criteria above, with the insertion of <NIL> elements in the locations of resource elements which are not part of the NCCE(s) assigned for the NPDCCH transmission. 
For frame structure type 2, when the NPDCCH is transmitted in more than one subframe, the block of complex-valued symbols [image: ] shall be mapped in sequence starting with [image: ] to resource elements [image: ] on the associated antenna port which meet all of the following criteria: 
-	they are part of the NCCE(s) assigned for the NPDCCH transmission, and
-	they are not used for transmission of NPBCH, NPSS, or NSSS , and 
-	they are assumed by the UE not to be used for NRS, and
-	they are not overlapping with resource elements used for CRS as defined in clause 6 (if any), and
-	the index [image: ] in the first slot in a subframe fulfils [image: ] where [image: ] is given by clause 16.6.1 of 3GPP TS 36.213 [4].
The mapping to resource elements [image: ] on antenna port [image: ] meeting the criteria above shall be in increasing order of first the index [image: ] and then the index[image: ], starting with the first slot and ending with the second slot in a subframe. Denote [image: ] as the complex-valued symbols that are mapped to resource elements meeting the criteria above. If the NPDCCH is transmitted in more than one subframe, tThe resource elements in a special subframe that are not part of DwPTS are counted but not used in the mapping. When , the resource elements in a special subframe assumed by the UE for NRSs are counted but not used in the mapping if the NPDCCH is transmitted in more than one subframe.
-------------------------------------------- End of Text Proposal ----------------------------------

Annex C
---------------------------------------------Start of Text Proposal----------------------------------------
10.2.6A.2	Mapping to resource elements




For an NB-IoT carrier which is configured for NPRS transmission, the reference signal sequence  shall be mapped to complex-valued modulation symbols  used as reference signal for antenna port  in slot  according to 


for NPRS transmission configured by higher layer via nprsInfo for FDD, and according to 

for NPRS transmission configured by higher layer via enhanced-nprsInfo for FDD, and for TDD,
where
-	when the higher layer parameter when the higher layer parameter operationModeInfoNPRS for the configured NB-IoT carrier is set to in-band







where  is signalled by higher layers nprs-SequenceInfo, and  if the higher layer parameter nprs-SequenceInfo indicates is odd, and  if the higher layer parameter nprs-SequenceInfo indicates is even.
-	when the higher layer parameter operationModeInfoNPRS for the configured NB-IoT carrier is set to standalone or guard-band





and where . If is not configured by higher layers, . The number of PBCH antenna ports is signalled by higher layers. 
If higher layer parameter nprsBitmap is not configured, resource elements in OFDM symbols 5 and 6 in each slot shall not be used for transmission of NPRS. A resource element used for transmission of NPRS configured by nprsInfo shall not be used for transmission of NPRS configured by enhanced-nprsInfo.
-------------------------------------------- End of Text Proposal ----------------------------------

Annex D
---------------------------------------------Start of Text Proposal----------------------------------------
[bookmark: _Toc454818207]10.2.6	Narrowband reference signal (NRS)
< Unchanged parts are omitted >
On an NB-IoT carrier for SystemInformationBlockType1-NB for which sib1-carrierInfo-NB indicates non-anchor for frame structure type 2, before the UE obtains SystemInformationBlockType1-NB, the UE may assume narrowband reference signals are transmitted in subframes #0 and #5. After the UE obtains SystemInformationBlockType1-NB, the UE may assume narrowband reference signals are transmitted in subframes #0, #5, and in NB-IoT downlink subframes.
< Unchanged parts are omitted >
-------------------------------------------- End of Text Proposal ----------------------------------

Annex E
---------------------------------------------Start of Text Proposal----------------------------------------
[bookmark: _Toc454818190]10.2.2.3	Guard period for half-duplex FDD operation
Only type-B half-duplex FDD operation is supported.
10.2.2.4	Guard period for TDD operation
For frame structure type 2, the GP field in special subframe serves as a guard period.
If a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig, the UE is allowed to not receive the first symbol of a downlink subframe immediately following an uplink subframe for 15-kHz subcarrier spacing on an NB-IoT carrier for which higher-layer parameter operationModeInfo indicates guardband or standalone, or higher-layer parameter inbandCarrierInfo is not present.

---------------------------------------------End of Text Proposal----------------------------------------
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