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1 Background
RAN2 received LS from RAN1 in R2-1914303/R1-1911398 [1]. In the LS, RAN1 indicated:
	RAN1 is considering the following as an agreement, which is not endorsed yet:
· Introduce support of higher peak data rate for Cat-M1 UEs in HD-FDD by means of the following:
· Support of 14 HARQ processes
· Support of additional scheduling delay of 7 subframes for PDSCH 
· Introduce two new RRC parameters for supporting 14 HARQ processes with higher peak data rate:
· UE capability ce-pdsch-fourteenProcesses
· UE-specific RRC configuration ce-pdsch-fourteenProcesses



RAN1 asked RAN2 to inform by RAN1#99 if RAN2 has any concerns if RAN1 agrees to the above as TEI for Rel-16. In the same LS [1], RAN1 also attached a RAN1 Tdoc [2], parts of which are reproduced below for quick reference.
In this document we discuss potential RAN2 impacts of the work.
Since the introduction of Cat-M1 in Release 13, there has been a continued evolution to increase the downlink peak data rate of BL UEs, especially for the widely deployed HD-FDD UEs, while keeping the UE complexity low (maximum TBS of 1000 bits). Current Cat-M1 peak data rate in HD-FDD is achieved by a combination of usage of 10 HARQ processes and HARQ-ACK bundling as shown in Figure 1:


Figure 1 Peak throughput for HD-FDD
Assuming a TBS of 1000 bits is transmitted in each of the PDSCH, the peak data rate achieved by this scheduling is . In RAN1, the proposal is to increase the peak data rate to  (20% increase) by allowing data scheduling in subframes 0 and 1, and without increasing the UE complexity or introducing big changes to the specification. In Figure 2 we show a high level depiction of how to achieve this data rate increase – mainly by allowing an MPDCCH in subframes 10-11 schedule PDSCH in subframes 17-18. 
In order to do this, the following mechanisms were proposed to RAN1 and are considered as potential agreements, as indicated in the LS:
· Increased number of HARQ processes (to 14).
· Additional PDSCH scheduling delay of 7 subframes.


Figure 2 Proposed new peak throughput for HD-FDD

In the remaining of this contribution, we present the detailed explanation of the method and the specification impact, primarily focusing on RAN2.

2 Analysis of RAN2 impact
In [3], it was argued that:
Besides the impacts to RAN1 spec, the HARQ RTT timer in RAN2 also needs to be discussed and updated accordingly, as the scheduling timing and the HARQ-ARQ delay is different from currently supported if 14 HARQ processes are introduced. It is unlikely therefore that this proposal meets the rules of TEI. The modification to the current spec will increase the workload of the specification and will influence the implementation of the eNB.
In TS 36.321, the HARQ RTT timer is defined as follows:
HARQ RTT Timer: This parameter specifies the minimum amount of subframe(s) before a DL assignment for HARQ retransmission is expected by the MAC entity.
And the values for this timer in TS 36.321 are specified as (only FDD part is shown for simplicity, emphasis added):
For BL UEs and UEs in enhanced coverage, HARQ RTT Timer corresponds to 7 + N where N is the used PUCCH repetition factor, where only valid (configured) UL subframes as configured by upper layers in fdd-UplinkSubframeBitmapBR are counted ... <<skip>>

It is clear from the above that the HARQ RTT timer measures the minimum time between the last subframe of PDSCH and the first subframe for which an MPDCCH for retransmission may be received. This value does not depend on the scheduling delay for PDSCH, but only on the HARQ-ACK delay. 
We emphasize that dynamic HARQ-ACK delay is not new to introduction of 14 HARQ processes – it has been present since Rel-14 when HARQ-ACK bundling was introduced as part of Rel-14 eMTC WI. Additionally, during the same time, 10 HARQ processes were introduced (extended from existing 8). However, the increase of HARQ processes from 8 to 10 and the introduction of HARQ-ACK bundling in Rel-14 did not have any impact to TS 36.321 (For related discussion, see section 4 in [4] and related agreements in the RAN2#95bis report in [5]). 
For quick reference, the only MAC CR introducing Rel-14 NB-IoT and eMTC enhancements is [6]. The corresponding RRC CR in [7] introduced the following changes (unrelated parts omitted):
In Configuration:
PDSCH-ConfigDedicated-v14xy ::=		SEQUENCE {
	ce-pdsch-maxBandwidth-config-r14		ENUMERATED {bw5, bw20}	OPTIONAL,	-- Need OP
	ce-pdsch-tenProcesses-config-r14		ENUMERATED {on}	OPTIONAL,	-- Need OR
	ce-HarqAckBundling-config-r14			ENUMERATED {on} OPTIONAL,	-- Need OR
	ce-schedulingEnhancement-config-r14		ENUMERATED {range1, range2} OPTIONAL	-- Need OR
}

	PDSCH-Config field descriptions

	ce-HarqAckBundling-config
Activation of PDSCH HARQ-ACK bundling in half duplex FDD in CE mode A, see TS 36.212 [22] and TS 36.213 [23].

	ce-pdsch-tenProcesses-config 
Configuration of 10 (instead of 8) DL HARQ processes in FDD in CE mode A, see TS 36.212 [22] and TS 36.213 [23].



And in UE capability:
PhyLayerParameters-v14xy ::=			SEQUENCE {
	ce-pusch-nb-maxTbs-r14					ENUMERATED {supported}			OPTIONAL,
	ce-pdsch-pusch-maxBandwidth-r14			ENUMERATED {bw5, bw20}			OPTIONAL,
	ce-HarqAckBundling-r14					ENUMERATED {supported}			OPTIONAL,
	ce-pdsch-tenProcesses-r14				ENUMERATED {supported}			OPTIONAL,
	ce-RetuningSymbols-r14					ENUMERATED {n0, n1}				OPTIONAL,
	ce-pdsch-puschEnhancement-r14			ENUMERATED {supported}			OPTIONAL,
	ce-schedulingEnhancement-r14			ENUMERATED {supported}			OPTIONAL,
	ce-srsEnhancement-r14					ENUMERATED {supported}			OPTIONAL,
	ce-pucchEnhancement-r14					ENUMERATED {supported}			OPTIONAL,
	ce-ClosedLoopTxAntennaSelection-r14		ENUMERATED {supported}			OPTIONAL
}

	ce-HarqAckBundling
Indicates whether the UE supports HARQ-ACK bundling in half duplex FDD in CE mode A, as specified in TS 36.212 [22] and TS 36.213 [23].
	-

	ce-pdsch-tenProcesses
Indicates whether the UE supports 10 DL HARQ processes in FDD in CE mode A.
	-



In summary, we make the following observation:
[bookmark: _Toc22732026][bookmark: _Toc22732027][bookmark: _Toc23178248][bookmark: _Toc23178336][bookmark: _Toc23847809][bookmark: _Toc24020265]Introduction of Dynamic HARQ-ACK delay and 10 HARQ processes in Rel-14 did not include any modification to the HARQ RTT timer nor any other changes in TS 36.321.
[bookmark: _GoBack]If, as suggest in [3], the dynamic HARQ-ACK delay introduced in Rel-14 should require a modification to the HARQ RTT timer behaviour, a Rel-14 CR to TS 36.321 to address that would be needed. Given that this aspect was discussed in RAN2#95bis and no issue was identified, the likelihood of such a Rel-14 CR being agreed now is minimal. In any case, the suggested Rel-16 enhancement does not require any additional modification to that (hypothetical) legacy (Rel-14) change, so these discussions are separate Therefore, there is no identified RAN2 impact in TS 36.321 due to the request in the LS.
Additionally, it should be noted that the HARQ RTT timer defines the minimum time for a retransmission. The typical time is usually larger than this. We show in Figure 3 that we can schedule to receive a retransmission of HARQ 12 in subframe 17 (4ms after the transmission of HARQ-ACK). This exact same RTT (time between PDSCH and grant for retransmissions) can be achieved in Rel-14 with the feature of HARQ-ACK delay, as shown in Figure 4.


Figure 3: Scheduling of HARQ ID 12 with the same RTT as Rel-14 scheduling delay (shown in Figure 4)




Figure 4: Scheduling of Rel-14 with the same RTT as Figure 3. The DCI M0 indicates a HARQ-ACK delay of 13ms.

We assume RAN1 specification will clarify that the bundle ACK (A0/A1/A2 in Figure 3) does not include ACK for the DL corresponding to the additional HARQ processes (M10 and M11 in Figure 3). That is, the PUCCH timing for the DL corresponding to added HARQ processes would be covered by RAN1 specifications and would have no RAN2 impact. In addition, the DL scheduling itself and soft buffer etc. would be handled by RAN1. 
[bookmark: _Toc23178249][bookmark: _Toc23178337][bookmark: _Toc23847810][bookmark: _Toc24020266]The DL scheduling and PUCCH timing for the DL corresponding to added HARQ processes would be covered by RAN1 specifications and would have no RAN2 impact.
Based on the above description and the snippets of the Rel-14 specification changes, the only impacts in RAN2 to accommodate the request by RAN1 in the LS would be in RRC specifications to introduce a single configuration flag and corresponding UE capability.
[bookmark: _Toc22732028][bookmark: _Toc23178250][bookmark: _Toc23178338][bookmark: _Toc23847811][bookmark: _Toc24020267]The only impacts due to 10 HARQ processes (instead of 8) in RAN2 specs during Rel-14 was to introduce configuration flag and UE capability in RRC (and corresponding description of the capability in TS 36.306).
Therefore, RAN2 impact due to the LS is consistent with the RAN plenary guideline for TEI16: “RAN2 impact of RAN1/4-led TEI shall be limited to RRC signalling of configuration parameters and UE capabilities (no MAC impact, no RRC procedural impact, etc)” [8]. Based on the above, we propose the following:	
Proposal 1. [bookmark: _Toc22731804][bookmark: _Toc22731850][bookmark: _Toc22732009][bookmark: _Toc23162480][bookmark: _Toc22731805]It is feasible to introduce RRC configuration flag ce-PDSCH-FourteenProcesses-Config for supporting 14 HARQ processes in Rel-16. 
Proposal 2. [bookmark: _Toc22731851][bookmark: _Toc22732010][bookmark: _Toc23162481][bookmark: _Toc22731806]It is feasible to introduce UE capability ce-PDSCH-FourteenProcesses to indicate the support of 14 HARQ processes in Rel-16.
Proposal 3. [bookmark: _Toc22731852][bookmark: _Toc22732011][bookmark: _Toc23162482]Reply to RAN1 LS indicating that there are no concerns from RAN2 point of view to support 14 HARQ processes as TEI in Rel-16. Draft reply LS is provided in R2-1914771 [9].
[bookmark: _Toc22731807][bookmark: _Toc22731808][bookmark: _Toc22731809]
3 Conclusions
In this contribution we discussed about RAN2 specification impacts related to LS from RAN1 in [1]. We made the following observations:
Observation 1.	Introduction of Dynamic HARQ-ACK delay and 10 HARQ processes in Rel-14 did not include any modification to the HARQ RTT timer nor any other changes in TS 36.321.
Observation 2.	The DL scheduling and PUCCH timing for the DL corresponding to added HARQ processes would be covered by RAN1 specifications and would have no RAN2 impact.
Observation 3.	The only impacts due to 10 HARQ processes (instead of 8) in RAN2 specs during Rel-14 was to introduce configuration flag and UE capability in RRC (and corresponding description of the capability in TS 36.306).

Based on the observations, we have following proposals:
Proposal 1.	It is feasible to introduce RRC configuration flag ce-PDSCH-FourteenProcesses-Config for supporting 14 HARQ processes in Rel-16.
Proposal 2.	It is feasible to introduce UE capability ce-PDSCH-FourteenProcesses to indicate the support of 14 HARQ processes in Rel-16.
Proposal 3.	Reply to RAN1 LS indicating that there are no concerns from RAN2 point of view to support 14 HARQ processes as TEI in Rel-16. Draft reply LS is provided in R2-1914771 [9].
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