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1 Introduction
A UE operating in NB-IoT mode may be required to transmit for a long periods without the need to perform any downlink reception. For some UE implementations transmitting for long time may lead to drift in UE transmit frequency which could lead to eNB failing to decode uplink packets and UE failing to successfully decode downlink channels (PDSCH, PDCCH etc). Both RAN WG1 and WG4 have been considering how to mitigate this issue. A solution agreed by RAN WG1 in [2] is for eNB to provide gaps in NPUSCH transmissions by postponing scheduling for next transmission as follows:

In case of NPUSCH repetitions, after transmissions of [X] slots, a gap of [Y] slots shall be inserted where the NPUSCH transmission is postponed.  

RAN WG4 has been tasked to define values for [X] and [Y] (see [1]). A potential value for [X] is approximately 200 - 512ms and, more importantly, for [Y] approximately 32 - 60 ms (see [7] & [8]).
The disadvantage of creating gaps in uplink transmissions through scheduling is that it leads to lower uplink data rates and potentially wasted NPUSCH resource. Considering this downside with uplink transmission gaps, RAN WG4 is also discussing if all NB-IoT UE implementations would require transmission gaps to perform frequency corrections [3]. There can be UE implementations that do not require transmission gaps to maintain frequency accuracy. This allows for eNB to allocate uplink resources as closely as possible thus increasing effective uplink data throughput and minimise NPUSCH resource wastage. But To take advantage of this kind of UE capability eNB needs to know if UE requires transmission gaps or not for frequency correction. This paper considers the changes required to RAN2 specifications to add such a UE capability.
2 UE Capability for NPUSCH gaps
In order for eNB to take advantage of this UE capability, it is important for eNB to know this capability as early as possible during RRC connection establishment. When establishing RRC connection from idle then the need for UE to have Tx gaps should be sent in RRCConnectionRequest-NB message as show in Table 1 & Table 2 below. Proposed changes compared to running CR in [4] are shown in red.
Table 1 Uplink Tx gap capability in NB-IoT RRC Connection Request message

RRCConnectionRequest-NB-r13-IEs ::=

SEQUENCE {


ue-Identity-r13





InitialUE-Identity,

establishmentCause-r13



EstablishmentCause-NB-r13,


multiToneSupport-r13



ENUMERATED {true}



OPTIONAL,


multiPRB-Support-r13



ENUMERATED {true}



OPTIONAL,

uplinkTxGapRequired-r13



ENUMERATED {true}



OPTIONAL,


spare







BIT STRING (SIZE (221))
}

Table 2 Uplink Tx gap capability in RRC Connection Request message

	RRCConnectionRequest-NB field descriptions

	establishmentCause

Provides the establishment cause for the RRC connection request as provided by the upper layers. 

	multiPRB-Support

If present, this field indicates that the UE supports multi-PRB operation

	multiToneSupport

If present, this field indicates that the UE supports multi-tone transmission

	ue-Identity

UE identity included to facilitate contention resolution by lower layers.

	uplinkTxGapRequired

If present, this field indicates UE requires gaps in uplink transmisison to perform frequency corrections, TS 36.211 [17].


Proposal 1. Add indicator in RRCConnectionRequest-NB to inform eNB if UE requires gaps in uplink transmission to perform frequency corrections.
When resuming RRC connection it is possible for eNB to acquire UE capability from the stored UE context. But if resume procedure fails and eNB triggers fallback then eNB would not have this capability. For this reason it is necessary to include this capability in RRCConnectionResumeRequest-NB as shown in Table 3 and Table 4.
Table 3 Uplink Tx gap capability in NB-IoT RRC Connection Resume Request message

-- ASN1START
RRCConnectionResumeRequest-NB-r13-IEs ::=
SEQUENCE {


resumeIdentity-r13





ResumeIdentity-r13,


resumeMAC-I-r13 





ShortMAC-I,

resumeCause-r13






EstablishmentCause-NB-r13,

uplinkTxGapRequired-r13




ENUMERATED {true}



OPTIONAL,

spare








BIT STRING (SIZE (98))
}
-- ASN1STOP

Table 4 Uplink Tx gap capability in RRC Connection Request message

	RRCConnectionResumeRequest-NB field descriptions

	resumeCause

Provides the resume cause for the RRC connection resume request as provided by the upper layers. 

	resumeIdentity

UE identity to facilitate UE context retrieval at eNB

	resumeMAC-I

 Authentication token to facilitate UE authentication at eNB

	uplinkTxGapRequired

If present, this field indicates UE requires gaps in uplink transmisison to perform frequency corrections, TS 36.211 [17].


Proposal 2. Add indicator in RRCConnectionResumeRequest-NB to inform eNB if UE requires gaps in uplink transmission to perform frequency corrections 

Proposal 1 & 2 ensures eNB has indication if UE requires gaps in long uplink transmissions before eNB has allocated any long uplink transmissions. For completeness it may be useful to have the same capability sent in UE Capability message and potential changes to TS 36.306 are shown in Table 5 while potential changes to PhyLayerParameters-NB in TS 36.331 are shown in Table 6 and Table 7.
Table 5 Uplink Tx gap capability as UE capability in TS 36.306
	4
UE radio access capability parameters

….

The mandatory features required to be supported by a UE are the same for all UE categories unless explicitly specified elsewhere in the specifications.
The following UE radio access capability parameters specified in Chapter 4 are applicable in NB-IoT:

-
ue-Category-r13 in NB-IoT (section 4.1C)

-
supportedROHC-Profiles-r13 (section 4.3.1.1A)

-
maxNumberROHC-ContextSessions-r13 (section 4.3.1.2A)

-
multitone-UL-TX-r13 (section 4.3.4.55)

-
multiplePRB-r13 (section 4.3.4.56)
-
supportedBandList-r13 (section 4.3.5.1A)

-
multiNS-Pmax-r10 (section 4.3.5.16)
-
accessStratumRelease-r13 (section 4.3.8.1A)
-
multipleDRB-r13 (section 4.3.8.5)

-
logicalChannelSR-ProhibitTimer (section 4.3.19.2)
-
uplinkTxGapRequired-r13 (section 4.3.4.55)
…

4.3.4.55
uplinkTxGapRequired-r13
This field indicates whether or not UE requires gaps in uplink transmisison to perform frequency corrections, TS 36.211 [17].



Table 6 Uplink Tx gap capability in UE Capability-NB IE

PhyLayerParameters-NB-r13
::=

SEQUENCE {


multitone-UL-TX-r13


ENUMERATED {supported}


OPTIONAL,


multiPRB-r13




ENUMERATED {supported}


OPTIONAL,


uplinkTxGapRequired-r13

ENUMERATED {true}



OPTIONAL,

}

Table 7 Uplink Tx gap capability in UE Capability

	UE-Capability-NB field descriptions

	accessStratumRelease

Set to rel13 in this version of the specification.

	maxNumberROHC-ContextSessions

Set to the maximum number of concurrently active ROHC contexts supported by the UE, excluding context sessions that leave all headers uncompressed. cs2 corresponds with 2 (context sessions), cs4 corresponds with 4 and so on. The network ignores this field if the UE supports none of the ROHC profiles in supportedROHC-Profiles.

	multipleDRB

Defines whether the UE supports multiple DRBs

	multiPRB

Defines whether the UE supports multi-PRB operation

	multitone-UL-TX

Defines whether the UE supports UL multi-tone transmissions

	SupportedBandList
Includes the supported NB-IoT bands as defined in TS 36.101 [42]

	supportedROHC-Profiles

	List of supported ROHC profiles as defined in TS 36.323 [8] 

	uplinkTxGapRequired

If present, this field indicates UE requires gaps in uplink transmisison to perform frequency corrections, TS 36.211 [17].


Proposal 3. RAN2 to discuss if it is necessary to include UE requirement for Tx transmission gaps in UE capability in TS 36.306. If considered necessary then add signaling to UE-Capability-NB in 36.331.
3 Summary
UEs that can perform frequency corrections without gaps in uplink transmissions can provide higher data rates and increase NPUSCH utilisation. For this reason it is proposed to introduce UE capability to inform network if UE requires gaps in uplink transmissions or not. This capability requires 1 bit in uplink messages.
Proposal 1. Add indicator in RRCConnectionRequest-NB to inform eNB if UE requires gaps in uplink transmission to perform frequency corrections.

Proposal 2. Add indicator in RRCConnectionResumeRequest-NB to inform eNB if UE requires gaps in uplink transmission to perform frequency corrections.
Proposal 3. RAN2 to discuss if it is necessary to include UE requirement for Tx transmission gaps in UE capability in TS 36.306. If considered necessary then add signaling to UE-Capability-NB in 36.331.
Sourcing company encourages RAN2 to discuss and conclude on these proposals.
References
[1] R1-162041, LS on uplink transmission gap in NB-IoT, 3GPP RAN1 NB-IoT Ad-Hoc, March 2016, Sophia Antipolis, France.
[2] R1-163952, CR to 36.211 on Introduction of NB-IoT, 3GPP RAN1 #84bis, April 2016, Busan, South Korea.

[3] R4-164246, On UL gaps for Frequency Error Correction, 3GPP RAN4 #79, May 2016, Nanjing, China.

[4] R2-16xxxx, 36.331 Running CR to capture agreements on NB-IoT, 3GPP RAN2 #94, May 2016, Nanjing, China. 

[5] R2-163273, 36.306 Introduction of NB-IoT UE capabilities, 3GPP RAN2 NB-IoT Ad-hoc, May 2016, Sophia-Antipolis, France.

[6] R4-164347, LS on Tx Gaps for Frequency Error Correction, 3GPP RAN4 #79, May 2016, Nanjing, China.

[7] R4-164009, [Draft] Reply LS on uplink transmission gap in NB-IoT, 3GPP RAN4 #79, May 2016, Nanjing, China.

[8] R4-78AH-0117, NB IoT UL Transmission Gaps, 3GPP RAN4 #78-NB-IoT, May 2016, Kista, Sweden.

[9] R4-16zzzz, RAN4#78AH-NB-IoT meeting report, 3GPP RAN4 #79, May 2016, Nanjing, China.
Page 1 of 1

