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Introduction
In RAN2#97bis, RAR reception issue for eMTC UEs was discussed to address the problem regarding the limitation of maximum number of repetitions that can be configured for MPDCCH and PDSCH, which schedules and carries the RAR message. The limitation is due to the maximum configurable size of the RA response window for eMTC UEs.
In this contribution, we discuss how the issue can be addressed in Rel-13 and/or Rel-14 versions of RAN1 and RAN2 specifications.
[bookmark: _Ref178064866]Discussion
In Rel-13, the number of repetitions that can be configured for MPDCCH and PDSCH in random access are given below [1]:

PRACH-Config information elements
PRACH-ParametersCE-r13 ::=			SEQUENCE {
	prach-ConfigIndex-r13					INTEGER (0..63),
	prach-FreqOffset-r13						INTEGER (0..94), 
	prach-StartingSubframe-r13				ENUMERATED {sf2, sf4, sf8, sf16, sf32, sf64, sf128,
														sf256}				OPTIONAL,	-- Need OP
	maxNumPreambleAttemptCE-r13
								ENUMERATED {n3, n4, n5, n6, n7, n8, n10}	OPTIONAL,	-- Need OP
	numRepetitionPerPreambleAttempt-r13		ENUMERATED {n1,n2,n4,n8,n16,n32,n64,n128},
	mpdcch-NarrowbandsToMonitor-r13			SEQUENCE (SIZE(1..2)) OF 
													INTEGER (1..maxAvailNarrowBands-r13),
	mpdcch-NumRepetition-RA-r13				ENUMERATED {r1, r2, r4, r8, r16,
														r32, r64, r128, r256},
	prach-HoppingConfig-r13					ENUMERATED {on,off}
}


PDSCH-Config information element
-- ASN1START

PDSCH-ConfigCommon ::=		SEQUENCE {
	referenceSignalPower				INTEGER (-60..50),
	p-b									INTEGER (0..3)
}

PDSCH-ConfigCommon-v1310 ::=	SEQUENCE {
	pdsch-maxNumRepetitionCEmodeA-r13	ENUMERATED { 
											r16, r32 }					OPTIONAL,	-- Need OR
	pdsch-maxNumRepetitionCEmodeB-r13	ENUMERATED {
											r192, r256, r384, r512, r768, r1024, 
											r1536, r2048}					OPTIONAL	-- Need OR
}

PDSCH-ConfigDedicated::=		SEQUENCE {
	p-a									ENUMERATED {
											dB-6, dB-4dot77, dB-3, dB-1dot77,
											dB0, dB1, dB2, dB3}
}

In RAN2#92, the following agreements were made: 
	· The extended value range for ra-ResponseWindowSize is {sf20, sf50, sf80, sf120, sf180, sf240, sf320, sf400}
· The UE should receive M-PDCCH and RAR during the RA response window, otherwise random access attempt fails.



It may not be possible for an eMTC UE in CE Mode B to receive the number of repetitions required to decode MPDCCH, which schedules the RAR message, and the RAR message in PDSCH within the duration of RA response window considering the value range for ra-ResponseWindowSize, i.e. up to 400 subframes. The following solutions were discussed in RAN2#97bis to address this problem [4]: “RAR window extension” and “change in the specified UE behaviour”.

RAR window extension
In this solution, RAR window is extended to accommodate the number of repetitions required (as provided in [1] or a subset of it) for an eMTC UE in CE Mode B to decode MPDCCH, which schedules the RAR message, and the RAR message in PDSCH. This solution requires an ASN.1 update. The solution is not backwards compatible for UEs in CE Mode B. Not only TS 36.331, but also TS 36.321 [2] needs to be updated if this solution is adopted since there is also an impact on RA-RNTI computation. The current computation assumes that maximum possible RAR window size is 400 subframes. Please see below for further details regarding RA-RNTI computation:

	For BL UEs and UEs in enhanced coverage, RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as:
RA-RNTI=1+t_id + 10*f_id + 60*(SFN_id mod (Wmax/10))
where t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10), f_id is the index of the specified PRACH within that subframe, in ascending order of frequency domain (0≤ f_id< 6), SFN_id is the index of the first radio frame of the specified PRACH, and Wmax is 400, maximum possible RAR window size in subframes for BL UEs or UEs in enhanced coverage. If the PRACH resource is on a TDD carrier, the f_id is set to [image: ], where [image: ] is defined in Section 5.7.1 of [7].




[bookmark: _Toc481667289][bookmark: _Toc481875963]If RAR window is extended, ASN.1 update and a change in RA-RNTI computation are required in TS 36.331 and TS 36.321.

A set of CRs implementing this solution can be found in [6], [7], and [8]. Note that the extended values for RA response window field element and the updated RA-RNTI values given in the CRs are just examples.

Change in the UE behaviour
In this solution, the agreement from RAN2#92 on UE behaviour during random access is revised as follows:

“The UE should receive M-PDCCH, which schedules and RAR, during the RA response window, otherwise random access attempt fails.”

This solution does not have any impact on the size of the RA response window. Similar to RA response window extension solution, it is not backwards compatible. The agreement from the RAN2#92 meeting regarding RAR reception is captured in TS 36.213 [3]. Please see below for details:

[bookmark: _Toc415085441]6.1.1	Timing
For the L1 random access procedure, a non-BL/CE UE's uplink transmission timing after a random access preamble transmission is as follows.
<cut>

For the L1 random access procedure, a BL/CE UE’s uplink transmission after a random access preamble transmission is as follows.
a)	If a MPDCCH with associated RA-RNTI is detected and the corresponding DL-SCH transport block reception ending in subframe n contains a response to the transmitted preamble sequence, the UE shall, according to the information in the response, transmit an UL-SCH transport block in the first subframe , , if the UL delay field in Subclause 6.2 is set to zero where the subframe  is the first available UL subframe for PUSCH transmission, where for TDD serving cell, the first UL subframe for PUSCH transmission is determined based on the UL/DL configuration (i.e., the parameter subframeAssignment) indicated by higher layers. 
When the number of Msg3 PUSCH repetitions, , as indicated in the random access response, is greater than 1, the subframe  is the first available UL subframe in the set of BL/CE UL subframes. The UE shall postpone the PUSCH transmission to the next available UL subframe after , if the UL delay field is set to 1. 
When the number of Msg3 PUSCH repetitions,, as indicated in the random access response, is equal to 1, the subframe  is the first available UL subframe for PUSCH transmission determined by for FDD and the parameter subframeAssignment for TDD. The UE shall postpone the PUSCH transmission to the next available UL subframe after , if the UL delay field is set to 1.
b)	If a random access response is received and its reception ends in subframe n, and the corresponding DL-SCH transport block does not contain a response to the transmitted preamble sequence, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than in subframe .
c)	If no random access response is received in subframe n, where subframe n is the last subframe of the random access response window, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than in subframe .

If this solution is adopted, TS 36.213 needs to be updated. RAN2 should send an LS to RAN1 requesting a change in their specifications. Please see [5] for the draft LS.


[bookmark: _Toc481667290][bookmark: _Toc481875964]TS 36.213 should be updated if RAN2 agrees to change the UE behaviour on RAR message reception.

The revised RAN2 agreement can be captured in TS 36.213 as follows:

6.1.1	Timing
For the L1 random access procedure, a non-BL/CE UE's uplink transmission timing after a random access preamble transmission is as follows.
<cut>
For the L1 random access procedure, a BL/CE UE’s uplink transmission after a random access preamble transmission is as follows.
<cut>

b)	If a random access response is received and its reception ends in subframe n, and the corresponding DL-SCH transport block does not contain a response to the transmitted preamble sequence, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than in subframe .

c)	If the most recent PRACH coverage enhancement level for the UE is 0 or 1, iIf no random access response is received in subframe n, where subframe n is the last subframe of the random access response window, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than in subframe .

If the most recent PRACH coverage enhancement level for the UE is 2 or 3, if no MPDCCH scheduling random access response is received in subframe n, where subframe n is the last subframe of the random access response window, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than in subframe .


In case a random access procedure is initiated by a "PDCCH order" in subframe n for non-BL/CE UEs, or “PDCCH order” reception ending in subframe n for BL/CE UEs, the UE shall, if requested by higher layers, transmit random access preamble in the first subframe , , where a PRACH resource is available. 

Note that there is no need for an update in TS 36.321, since UE behaviour (legacy) during RA response is specified as follows:

[bookmark: _Toc477940892]5.1.4	Random Access Response reception
Once the Random Access Preamble is transmitted and regardless of the possible occurrence of a measurement gap or a Sidelink Discovery Gap for Transmission or a Sidelink Discovery Gap for Reception, the MAC entity shall monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI defined below, in the RA Response window which starts at the subframe that contains the end of the preamble transmission [7] plus three subframes and has length ra-ResponseWindowSize. If the UE is a BL UE or a UE in enhanced coverage, RA Response window starts at the subframe that contains the end of the last preamble repetition plus three subframes and has length ra-ResponseWindowSize for the corresponding coverage level.

where [2] 

“PDCCH: Refers to the PDCCH [7], EPDCCH (in subframes when configured), MPDCCH [2], for an RN with R-PDCCH configured and not suspended, to the R-PDCCH or, for NB-IoT to the NPDCCH.”

If RAN1 agrees to capture the updated UE behaviour both in Rel-13 and Rel-14 versions of TS 36.213 with respect to CE modes (as shown above), no changes are required in RAN2 specifications.

[bookmark: _Toc481667291][bookmark: _Toc481875965]No changes are required in RAN2 specifications if RAN1 agrees to capture the updated UE behaviour both in Rel-13 and Rel-14 versions of TS 36.213.

For backwards compatibility, it may be beneficial to update the field description for pdsch-maxNumRepetitionCEmodeB in the Rel-13 version of TS 36.331 with a statement such as “E-UTRAN does not configure this field element in this version of the specification” and introduce a new field element, i.e. pdsch-maxNumRepetitionCEmodeB (with suffix, i.e. -v13xy) to avoid any impact on UEs attempting to access the network in CE Mode B based on the current Rel-13 version of TS 36.331.

If the change in UE behaviour is only captured in the Rel-14 version of TS 36.213, the field description for pdsch-maxNumRepetitionCEmodeB in the Rel-13 version of TS 36.331 can be updated with a statement such as “E-UTRAN does not configure this field element in this version of the specification” and a new field element, i.e. pdsch-maxNumRepetitionCEmodeB (with suffix, i.e. -v14xy) can be introduced in the Rel-14 version of TS 36.331.
A set of CRs implementing the latter scenario mentioned above, i.e. change in UE behaviour is only captured in the Rel-14 version of TS 36.213, can be found in [9] and [10]. The CRs for the former scenario would be similar.

Based on the discussion above, we propose the following:

[bookmark: _Toc481667297][bookmark: _Toc481875971]UE behaviour is changed to address the problem on the limitation of maximum number of repetitions that can be configured for MPDCCH and PDSCH. 

[bookmark: _Toc430650045][bookmark: _Toc430818791][bookmark: _Toc430969460][bookmark: _Toc430977736][bookmark: _Toc481667298][bookmark: _Toc481875972]The UE shall receive M-PDCCH, which schedules RAR, during the RA response window, otherwise random access attempt fails.

[bookmark: _Toc481667299][bookmark: _Toc481875973]Send an LS to RAN1 to update their specifications with respect to the revised RAN2 agreement on RAR message reception.

[bookmark: _Toc481667300][bookmark: _Toc481875974]RAN2 to discuss how to address the backwards incompatibility issue.

Conclusion
In this paper we discuss how RAR reception issue for eMTC UEs, i.e. due to limited maximum configurable size of RA response window, can be addressed in Rel-13 and/or Rel-14 versions of RAN1 and RAN2 specifications. In section 2 we made the following observations:

Observation 1	If RAR window is extended, ASN.1 update and a change in RA-RNTI computation are required in TS 36.331 and TS 36.321.
Observation 2	TS 36.213 should be updated if RAN2 agrees to change the UE behaviour on RAR message reception.
Observation 3	No changes are required in RAN2 specifications if RAN1 agrees to capture the updated UE behaviour both in Rel-13 and Rel-14 versions of TS 36.213.

Based on the discussion in section 2 we propose the following:

Proposal 1	UE behaviour is changed to address the problem on the limitation of maximum number of repetitions that can be configured for MPDCCH and PDSCH.
Proposal 2	The UE shall receive M-PDCCH, which schedules RAR, during the RA response window, otherwise random access attempt fails.
Proposal 3	Send an LS to RAN1 to update their specifications with respect to the revised RAN2 agreement on RAR message reception.
Proposal 4	RAN2 to discuss how to address the backwards incompatibility issue.
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