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1 Introduction
In this contribution, we discuss the remaining issues on TDD about the following aspects:
· RRC
· MAC
· LPP
This contribution is based on the latest endorsed RRC running CR [1], MAC specification [2] and LPP specification [3].
2 Discussion
2.1 RRC remaining issues
2.1.1 tdd-UL-DL-AlignmentOffset
In the endorsed RRC running CR, the parameter tdd-UL-DL-AlignmentOffset is signalled in SIB1-NB as cell specific configuration. This parameter is used to indicate the offset between UL carrier frequency center with respect to DL carrier frequency center and to make sure that the UL transmission is aligned with DL transmission. Considering that the offset can be different for different UL carriers, this parameter should be carrier specific. Therefore, it is proposed to create a global IE for tdd-UL-DL-AlignmentOffset and introduce it into the IEs CarrierConfigDedicated-NB and SIB22-NB for non-anchor carriers.
Proposal 1: Create a global IE for tdd-UL-DL-AlignmentOffset, see ASN.1 review issue [H608].
Proposal 2: tdd-UL-DL-AlignmentOffset is introduced into the IE CarrierConfigDedicated-NB for non-anchor carriers, see ASN.1 review issues [H608] and [H630].

Proposal 3: tdd-UL-DL-AlignmentOffset is introduced into SIB22-NB for non-anchor carriers, see ASN.1 review issues [H608] and [H631].

In our understanding, SIB1-NB should only contain information for the UE to access a cell and receive other system information. From this point of view, tdd-UL-DL-AlignmentOffset for the anchor carrier should be signalled in SIB2-NB instead of SIB1-NB.
Proposal 4: tdd-UL-DL-AlignmentOffset for the anchor carrier is signalled in SIB2-NB instead of SIB1-NB.
2.1.2 lteBandwidth
The parameter lteBandwidth is signalled in MIB-TDD to indicate the LTE bandwidth when the anchor carrier is operated in guard-band mode. This parameter is used for the UE to know the location of a guard-band or in-band non-anchor carrier used for SIB1 and/or SI transmission:
· If SIB1 and/or SI are transmitted on a guard-band non-anchor carrier, the carrier location is derived by lteBandwidth, guardbandEdge and sib-GuardbandGuardbandLocation.
· If SIB1 and/or SI are transmitted on an in-band non-anchor carrier, the carrier location is derived by lteBandwidth and guardbandEdge.

According to RAN1 agreement, there are 2 possible values for lteBandwidth, i.e. bw5or15 and bw10or20. However, these 2 values are not enough for the UE to derive the exact carrier location uniquely in the following case:

· SIB1 and/or SI are transmitted on a guard-band non-anchor carrier

· sib-GuardbandGuardbandLocation is set to opposite
For example, assuming lteBandwidth is set to bw10or20 and guardbandEdge is set to lower, there are still 2 possible locations for the non-anchor carrier as shown by the following figure:
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Thus, it is proposed that the value range of lteBandwidth is enumerated as {bw5, bw10, bw15, bw20}.

Proposal 5:  The value range of lteBandwidth is enumerated as {bw5, bw10, bw15, bw20}.
2.1.3 Editor’s Note

There is an editor’s notes in the RRC running CR needs to be addressed:

Editor’s Note: It is FSS whether nprach-ProbabilityAnchorList applies to TDD.

nprach-ProbabilityAnchorList was introduced for FDD in Rel-14 to balance the RACH load between the anchor carrier and non-anchor carriers since legacy (Rel-13) UEs can only use the anchor carrier. In TDD, although there is no ‘legacy’ UEs in TDD, the RACH load still needs to be balanced between the anchor and non-anchor carriers. From this point of view, we still see benefit to also apply nprach-ProbabilityAnchorList to TDD. 
Proposal 6: nprach-ProbabilityAnchorList is also applied to TDD, see ASN.1 review issue [H624].
2.1.4 Interference randomization
Interference randomization was introduced in Rel-14 for FDD as an optional feature at the UE. RAN1 has agreed that this feature is used, without condition, for TDD:

· The Rel-14 FDD interference randomization based on RE level rotation is applied to downlink channels for both anchor and non-anchor carrier in TDD NB-IoT.
Thus, in TDD there is no need for the eNB to enable this feature to the UE as in FDD. It is proposed that interferenceRandomisationConfig-r14 in IE PhysicalConfigDedicated-NB is only applicable for FDD.

Proposal 7: interferenceRandomisationConfig-r14 is not signalled for TDD.
2.1.5 Enhanced RACH power control
Enhanced RACH power control was also introduced in Rel-14 for FDD. This feature is optional at the UE to ensure backward compatibility. In our view, this feature is essential for the RACH procedure for NB-IoT. Considering that Rel-15 is the first release for TDD, we assume that the eNB and the UE will always use this feature.
Proposal 8: PowerRampingParameters-NB-v1450 is always signalled for TDD.
Proposal 9: Support of Enhanced RACH power control is mandatory at the UE in TDD.
2.2 MAC remaining issues
In FDD, for the number of NPRACH repetitions less than 64, the distance between preamble transmission and RAR window is 4 subframes. For other number of NPRACH repetitions, the gap is 41 subframes:

“If the UE is an NB-IoT UE, in case the number of NPRACH repetitions is greater than or equal to 64, RA Response window starts at the subframe that contains the end of the last preamble repetition plus 41 subframes and has length ra-ResponseWindowSize for the corresponding enhanced coverage level, and in case the number of NPRACH repetitions is less than 64, RA Response window starts at the subframe that contains the end of the last preamble repetition plus 4 subframes and has length ra-ResponseWindowSize for the corresponding enhanced coverage level.”
The reason for the longer distance of 41 subframes is that a 40ms UL gap needs to be inserted into the preamble transmission when the number of NPRACH repetitions is greater than or equal to 64. In case the UL gap is inserted at the end of NPRACH opportunity, the RAR window starts from the end of the inserted UL gap.
In TDD, according to the WID description below, there is no UL gap anymore [4]:
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. 

Thus, even for the case where the number of NPRACH repetitions is larger than or equal to 64, a distance of 41 subframes between the preamble transmission and the RAR window for TDD mode will only cause unnecessary RAR scheduling latency and is not needed. It is proposed that in TDD the distance between the preamble transmission and the RAR window is always 4 subframes.

Proposal 10: For all numbers of NPRACH repetitions, the RAR window starts at the subframe that contains the end of the last preamble repetition plus 4 subframes.
2.3 LPP remaining issues
When performing OTDOA, the UEs need to know the information about SIB1-NB transmission on each configured carrier so than they can assume there is no NPRS are transmitted in the subframes used for SIB1-NB transmission. 
For FDD mode, in the current LPP specification, only the number of repetitions of SIB1-NB transmission is signalled to the UE as per cell information, in the IE OTDOA-ReferenceCellInfoNB for the reference cell and in the IE OTDOA-NeighbourCellInfoListNB for neighbour cells. The reason is that in FDD mode, SIB1-NB is only transmitted in subframe #4 of every other frame on the anchor carrier. The number of repetitions of SIB1-NB transmission is the only information needed for the UE to determine the subframes which are used for SIB1-NB transmission.
For TDD mode, SIB1-NB can be transmitted on either the anchor carrier or a non-anchor carrier. On the anchor carrier, SIB1-NB transmission occurs in either subframe#0 or subframe #4. On a non-anchor carrier, SIB1-NB transmission occurs in subframe #0 and subframe #5.
Thus, for TDD, in addition to the number of repetitions of SIB1-NB transmission, for each configured carrier, the location server also needs to signal whether it carries SIB1-NB transmission and which subframe(s) are used.
Proposal 11: For TDD mode, the presence of SIB1-NB transmission and the corresponding subframe(s) is signalled for each configured carrier in OTDOA.
3 Conclusion

This paper focus on some remaining issues on TDD in NB-IoT. The corresponding proposals are listed below. 
Proposal 12: Create a global IE for tdd-UL-DL-AlignmentOffset, see ASN.1 review issue [H608].

Proposal 13: tdd-UL-DL-AlignmentOffset is introduced into the IE CarrierConfigDedicated-NB for non-anchor carriers, see ASN.1 review issues [H608] and [H630].

Proposal 14: tdd-UL-DL-AlignmentOffset is introduced into SIB22-NB for non-anchor carriers, see ASN.1 review issues [H608] and [H631].

Proposal 15: tdd-UL-DL-AlignmentOffset for the anchor carrier is signalled in SIB2-NB instead of SIB1-NB.

Proposal 16: The value range of lteBandwidth is enumerated as {bw5, bw10, bw15, bw20}.
Proposal 17: nprach-ProbabilityAnchorList is also applied to TDD, see ASN.1 review issue [H624].

Proposal 18: interferenceRandomisationConfig-r14 is not signalled for TDD.

Proposal 19: PowerRampingParameters-NB-v1450 is always signalled for TDD.

Proposal 20: Support of Enhanced RACH power control is mandatory at the UE in TDD.

Proposal 21: For all numbers of NPRACH repetitions, the RAR window starts at the subframe that contains the end of the last preamble repetition plus 4 subframes.

Proposal 22: For TDD mode, the presence of SIB1-NB transmission and the corresponding subframe(s) is signalled for each configured carrier in OTDOA.

Draft RRC CR corresponding to proposals 1-4 is provided in [5].
Draft RRC CR corresponding to proposals 5-8 is provided in [6].

MAC CR corresponding to proposals 9 and 10 is provided in [7].

LPP CR corresponding to proposal 11 is provided in [8].
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