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[bookmark: _Toc430698603][bookmark: _Toc430726690]Introduction
The objectives of the shortened TTI and processing time WI [1] include “specify shortened TTI operation and shortened processing time for both legacy (1ms) TTI and shortened TTI. The specified solution should cover the case of carrier aggregation and non-carrier aggregation. Aim for a similar design as possible independent of frame structure.” 
In this contribution, we discuss the impacts on MAC, RRC and other specifications from shortened processing time based on current RAN1 agreements. 

[bookmark: _Toc430698604][bookmark: _Toc430726691]Discussion
According to LS [3] from RAN1, the following has been agreed by RAN1 regarding shortened processing time.
	· For FS1,2&3, a minimum timing n+3 is supported for UL grant to UL data and for DL data to DL HARQ for UEs capable of operating with reduced processing time with only the following conditions: 
· A maximum TA is reduced to x ms, where x <= 0.33ms (exact value FFS); 
· At least when scheduled by PDCCH 
· For FS2, new DL HARQ and UL scheduling timing relations will be defined
· Details FFS
· FFS:
· Possibility of scheduling by EPDCCH.
· Reduced processing time(s) are RRC configured for the UE
· Working assumption: A mechanism for dynamic fallback to legacy processing timings (n+4) is supported
· Details FFS
· Working assumption can be revisited if it is not found to be feasible 
· PHICH-less asynchronous HARQ for UL is used for 1 ms TTI with shortened processing time 
· For FS1 and FS2, bit fields are defined in the applicable DCI messages to indicate HARQ processes ID and RV 
· No change in FS3 asynchronous UL HARQ operation



[bookmark: _GoBack]Further, in RAN1#87, following agreements were reached regarding shortened processing time [4]
	· For 1 ms TTI shortened processing, support fallback to legacy processing timing n+4 by the search space, i.e.  DCI for processing time n+3 are carried in USS of PDCCH and DCI for processing time n+4 are carried in CSS of PDCCH.
· For PDSCH the HARQ processes of n+3 1ms TTI and n+4 1ms TTI are shared
· FFS: Possible PUSCH HARQ processes sharing between n+3 1ms TTI and n+4 1ms TTI
· FFS: UE behaviour in case of n+3 and n+4 collision
· Note: It is not expected that the eNB will often change between n+3 and n+4 scheduling timing



Based on the above agreements, RAN2 needs to consider the following.
RRC configuration to indicating reduced processing time support
A network supporting the reduced n+3 processing time should be able to support both types of UE at the same time – legacy UEs with n+4 processing time, and UEs with reduced n+3 processing time. The UEs which support n+3 processing time needs to know whether the network supports n+3 processing. In addition RAN1 already agreed that the reduced n+3 processing are configured by RRC signaling. Therefore, RAN2 needs to design the RRC signaling method to indicate to the UEs whether n+3 processing time is allowed for the grants provided by the eNB. This can be modeled as a Boolean IE as shown below. 
[bookmark: _Toc465871573][bookmark: _Toc465871602][bookmark: _Toc465871635][bookmark: _Toc465956187][bookmark: _Toc466022813]The reduced processing time support by the network can be modelled as a Boolean parameter in MAC configuration. 
MAC-MainConfig information element
-- ASN1START

MAC-MainConfig ::=					SEQUENCE {
	<<skipped>>
	[[	skipUplinkTx-r14					CHOICE {
			release								NULL,
			setup								SEQUENCE {
				skipUplinkTxSPS-r14					ENUMERATED {true} 		OPTIONAL,	-- Need OR
				skipUplinkTxDynamic-r14				ENUMERATED {true} 		OPTIONAL	-- Need OR
			}
		}															OPTIONAL	-- Need ON
	]] ,
	[[	reducedProcessingTiming-v14xy		BOOLEAN					OPTIONAL	-- Need ON
	]]

}
<<skipped>>

	MAC-MainConfig field descriptions

	reducedProcessingTiming
TRUE indicates that the reduced processing timing n+3 is supported for UL grant to UL data and for DL data to DL HARQ for UEs capable of operating with reduced processing time as specified in [xx].



PHICH-less asynchronous HARQ for UL
When the shortened processing time is supported by the UE and the eNB, if configured to use reduced processing time, the synchronous HARQ RTT of n+8 will not be valid. Therefore asynchronous HARQ is required for UL. RAN1 has agreed to have PHICH-less asynchronous HARQ for UL for 1 ms TTI with shortened processing time. Further, RAN1 agreed that for FS1 and FS2, bit fields are defined in the applicable DCI messages to indicate HARQ processes ID and RV. RAN2 needs to update MAC specification to support asynchronous HARQ when reducedProcessingTiming is configured. The affected subclauses in TS 36.321 are shown below. 
	[bookmark: _Toc462605233]5.4.2	HARQ operation
[bookmark: _Toc462605234]5.4.2.1	HARQ entity
<<skipped>>
Uplink HARQ operation is asynchronous for serving cells operating according to Frame Structure Type 3, NB-IoT UEs, BL UEs, UEs supporting reduced processing time and configured with reducedProcessingTiming, or UEs in enhanced coverage except for the repetitions within a bundle.
<<skipped>>
[bookmark: _Toc462605319]7.7	HARQ RTT Timers
For each serving cell, in case of FDD configuration and in case of Frame Structure Type 3 configuration on the serving cell which carries the HARQ feedback for this serving cell the HARQ RTT Timer is set to 8 subframes. For each serving cell, in case of FDD configuration on the serving cell which carries the HARQ feedback for this serving cell for UEs supporting reduced processing time and configured with reducedProcessingTiming, the HARQ RTT Timer is set to 6 subframes. For each serving cell, in case of TDD configuration on the serving cell which carries the HARQ feedback for this serving cell the HARQ RTT Timer is set to k + 4 subframes, except for UEs supporting reduced processing time and configured with reducedProcessingTiming, the HARQ RTT Timer is set to k + 3 subframes, where k is the interval between the downlink transmission and the transmission of associated HARQ feedback, as indicated in subclauses 10.1 and 10.2 of [2], and for an RN configured with rn-SubframeConfig [8] and not suspended, as indicated in Table 7.5.1-1 of [11].
<<skipped>>
Except for NB-IoT, UL HARQ RTT Timer length is set to 4 subframes for FDD and Frame Structure Type 3, to 3 subframes for FDD and UEs supporting reduced processing time configured with reducedProcessingTiming, and set to kULHARQRTT subframes for TDD, where kULHARQRTT equals to the kPHICH value indicated in Table 9.1.2-1 of [2].
<<skipped>>



[bookmark: _Toc465871574][bookmark: _Toc465871603][bookmark: _Toc465871636][bookmark: _Toc465956188][bookmark: _Toc466022814]The UEs supporting reduced processing time support only asynchronous HARQ operation when reduced processing time is configured by the network. 

UE capability indication
The network needs to know whether the UE is capable of supporting reduced processing time. One option is to mandate this capability (i.e., n+3 based processing) for all Rel-14 UEs. Other option is to allow the UE to indicate the capability.
It is preferable for the UE to indicate this capability to the network using existing capability indication method. The required changes are shown below for RRC specification (TS 36.331) and TS 36.306 respectively.
In TS 36.331:
	UE-EUTRA-Capability information element
-- ASN1START

[bookmark: OLE_LINK112][bookmark: OLE_LINK113]UE-EUTRA-Capability ::=			SEQUENCE {
<<skipped>>
UE-EUTRA-Capability-v14xy-IEs ::= SEQUENCE {
	laa-Parameters-v14xy				LAA-Parameters-v14xy					OPTIONAL,
	latRed-Parameters-v14xy				LatRed-Parameters-v14xy					OPTIONAL,
	nonCriticalExtension				SEQUENCE {}								OPTIONAL
}

<<skipped>>

LatRed-Parameters-v14xy ::=		SEQUENCE {
	reducedProcTiming-r14				ENUMERATED {supported}		OPTIONAL
}

<<skipped>>


-- ASN1STOP


	UE-EUTRA-Capability field descriptions
	FDD/ TDD diff

	reducedProcTiming
Indicates UE is capable of operating with reduced processing time, i.e., it supports a timing of n+3 for UL grant to UL data and for DL data to DL HARQ.
	-






In TS 36.306:
	4.3.xx	Latency reduction parameters
4.3.xx.y		reducedProcTiming -r14
This field indicates whether the UE is capable of operating with reduced processing time, i.e., it supports a timing of n+3 for UL grant to UL data and for DL data to DL HARQ, when configured by E-UTRAN, as described in TS 36.321 [4].



[bookmark: _Toc465871575][bookmark: _Toc465871604][bookmark: _Toc465871637][bookmark: _Toc465956189][bookmark: _Toc466022815]UE can use capability indication method to indicate that it supports reduced processing time. 
Based on the above discussion, we propose RAN2 to discuss the impacts of processing time reduction on RAN2 specifications and adopt the text proposals shown above as baseline for CRs.
[bookmark: _Toc430872917][bookmark: _Toc465871576][bookmark: _Toc465871618][bookmark: _Toc466022816]Discuss the impacts of processing time reduction on RAN2 specifications and adopt the text proposals shown above as baseline for CRs. 
[bookmark: _Toc430698610][bookmark: _Toc430726702]Conclusions
In this contribution, we discussed several aspects of impact of processing time reduction on MAC protocols based on RAN1 agreements so far. We observe the following: 
Observation 1.	The reduced processing time support by the network can be modelled as a Boolean parameter in MAC configuration.
Observation 2.	The UEs supporting reduced processing time support only asynchronous HARQ operation when reduced processing time is configured by the network.
Observation 3.	UE can use capability indication method to indicate that it supports reduced processing time.

We propose:
Proposal 1.	Discuss the impacts of processing time reduction on RAN2 specifications and adopt the text proposals shown above as baseline for CRs.
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