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Introduction
In order to reduce the latency, short TTI is introduced. In this contribution, we mainly discuss the MAC impacts of short TTI.
Discussion
MAC mainly includes the following functions: RA, TA, HARQ, SR, BSR, LCP, PHR, DRX. In the following, we will analyze whether short TTI has impact on each MAC function in detail:
1) RA
According to the agreement that PSS/SSS, PBCH, PCFICH and PRACH, Random access, SIB and Paging procedures are not modified which are made in SI, it is obvious, short TTI has no impact on RACH.
Observation 1: Short TTI does not impact the RA procedure.
2) TA
According to the agreement in RAN1, in order to support shorten processing time for 1ms TTI, the maximum TA is reduced to xms, where x<=0.33us (exact value FFS). But for the shorten TTI, the TA is not discussed in RAN1, even if the maximum TA is also reduced for short TTI, there is no impact on the TA maintenance procedure in MAC.
Observation 2: Short TTI does not impact the TA procedure.
3) HARQ
During the SI period, the following agreements were reached and there is no agreement on whether receiving legacy TTI unicast PDSCH and unicast sPDSCH in the same carrier in a subframe is supported or not. 
· From eNB perspective, existing non-sTTI and sTTI can be FDMed in the same subframe in the same carrier 
· Reception of PDSCH and sPDSCH in the same carrier in a subframe
· Receiving legacy TTI non-unicast PDSCH and unicast sPDSCH
· Receiving legacy TTI non-unicast PDSCH and legacy TTI unicast PDSCH
Based on the above description, one issues needs to be discussed is that whether the legacy TTI and short TTI can share the same HARQ entity in one carrier?
In legacy R8, only one HARQ entity is used; while in Rel-10, multiple HARQ entities are introduced and each HARQ entity is corresponding to one serving cell and cross carrier retransmission is not allowed. Based on the above description, it can be deduced that one HARQ entity has the following characteristics:
· One HARQ entity should maintain multiple HARQ processes with continuous HARQ process number;
· The allowed HARQ process number is calculated is based on the same TTI length;
· HARQ retransmission is only allowed within one HARQ entity;
Based on the above characteristics of one HARQ entity, it had better to model the different TTIs into different HARQ entity. Because we think there is no need to support cross TTI retransmission and the supported HARQ process number is easy to be determined since the same TTI length is used within one HARQ entity. Certainly, this idea should be further checked with RAN1.
Observation 3:  Short TTI will impact the HARQ entity design and the number of supported HARQ process.
Proposal 1: The HARQ entity for short TTI should be separated from the HARQ entity used for legacy TTI in one carrier. The supported HARQ process number for each HARQ entity should be determined by RAN1.
4) LCP
The following factors may be considered when design the LCP procedure for short TTI:
a) Whether the delay-insensitive service can use the resource with short TTI?
In our understanding, if there is enough resource with short TTI, it cannot be precluded that the delay-insensitive service to use it from the resource efficiency perspective. 
b) Whether service latency should be considered in the LCP procedure?
Considering the short TTI is mainly introduced for delay-sensitive traffic, thus when performing LCP procedure, the latency requirement should be considered in order to meet the latency requirement of these delay-sensitive service. That is both latency and priority should be considered in LCP procedure, but how to jointly considering these two factors can be further discussed.
c) Whether receiving legacy TTI unicast PDSCH and unicast sPDSCH in the same carrier in a subframe will impact the LCP procedure.
Although there is no RAN1 conclusion on whether receiving legacy TTI unicast PDSCH and unicast sPDSCH in the same carrier in a subframe is supported or not, but if it is supported, it will impact the LCP procedure, two MAC PDU will be generated in the same carrier in one subframe. Which traffic is assembled into which UL grant depends on UE implementation with the consideration of the service latency requirement and priority.
Observation 4:  Short TTI may impact the LCP procedure from the aspects of resource allocation and MAC PDU assembly.
Proposal 2: The LCP enhancements for short TTI can be considered from the following two aspects:
· Latency should be considered in the LCP procedure.
· If unicast PDSCH and sPDSCH in the same carrier in one subframe is supported by RAN1, the LCP procedure may include two MAC PDU assemble in the same carrier in one subframe.
5) SR/BSR
There are two methods to configure the SR:
· Alt 1: SR can be configured only in the TTI length, either in legacy PUCCH or sPUCCH.
· Alt2: SR can be both configured on both legacy PUCCH and sPUCCH.
The benefit of Alt1 is that the SR overhead is less and the benefit of Alt2 is that the SR in different TTI length can implicitly indicate the service latency requirement, which may accelerate the scheduling procedure for latency sensitive traffic. But which one will be chosen should be further studied and evaluated by RAN1. If Alt 1 is adopted, there is no impact on RAN2; but if Alt2 is adopted, there may be some optimization on scheduling can be considered in RAN2.
If two SRs are configured both on short TTI and legacy TTI, whether the BSR should be separated for short TTI and legacy TTI can also be discussed.
Observation 5:  How to configure the SR depends on RAN1.
Proposal 3: The discussion on the impact of short TTI on SR/BSR procedure should be postoned until there is conclusion on SR configuration in RAN1.
6) PHR
In legacy LTE, the PH calculation mainly is based on one subframe and consider whether there is PUCCH/PUSCH simulate transmission. With the introduction of short TTI, it becomes more complex since there are multiple new transmission combinations compared with legacy LTE, listed in the following table:
                               Table-1 New transmission combinations with the introduction of short TTI
	Combination Index
	Combinations

	1
	PUSCH+sPUSCH(s)

	2
	PUCCH+sPUCCH(s)

	3
	PUCCH+sPUSCH(s)

	4
	PUSCH+sPUCCH(s)

	5
	PUSCH+PUCCH+sPUSCH(s)

	6
	PUSCH+PUCCH+sPUCCH(s)

	7
	PUSCH+sPUCCH+sPUSCH(s)

	8
	PUCCH+sPUCCH+sPUSCH(s)

	9
	PUSCH+PUCCH+sPUCCH(s)+sPUSCH(s)



From the above table, it should first make clear how to calculate the PH for each transmission combination. However PH calculation is RAN1 issue. Hence RAN2 should wait before discussing the RAN2 aspects of PHR until there is conclusion on the PH calculation in RAN1.
Observation 6:  Short TTI will impact the PH calculation which should be discussed in RAN1.
Proposal 4: The discussion on the impact of short TTI on PHR procedure should be postoned until there is conclusion on PH calculation in RAN1.
7) DRX
In legacy LTE, the DRX is common for UE. With the introduction of short TTI, the following impacts can be considered:
a) Whether common DRX still needed?
In our understanding, with the introduction of short TTI, common DRX can also be reused with some power reduction enhancements to reduce the unnecessary monitoring in part of sTTI of one PDCCH-subframe, which can be shown in the following figure:



                           Figure-1 Illustration of sTTI monitoring reservation in case of common DRX
In order to support the sTTI monitoring reservation, there are two methods:,
· Alt1: using physical signaling, e.g., when sending PDCCH, it can carry the information that which sTTI can be not monitored.
· Alt2: using high layer signaling to disable some sTTI monitoring.
Which one is suitable can be further discussed once common DRX and the sTTI monitoring reservation is accepted. 
b) How to count the PDCCH-subframe
From the perspective of reducing the specification effort, it is suggested to count the PDCCH-subframe based on one reference TTI, the legacy TTI is suitable to work as the reference TTI.
Observation 7:  LTE common DRX can be reused with some enhancements.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 5: Common DRX with the enhancement of sTTI monitoring reservation should be supported. The detailed signalling for sTTI monitoring reservation can be further studied.
Proposal 6: The PDCCH-subframe counting can be based on the reference TTI, e.g., the legacy 1ms TTI.
Conclusion
Based on the analysis in section 2, it is observed:
Observation 1: Short TTI does not impact the RA procedure.
Observation 2: Short TTI does not impact the TA procedure.
Observation 3:  Short TTI will impact the HARQ entity design and the number of supported HARQ process.
Observation 4:  Short TTI may impact the LCP procedure from the aspects of resource allocation and MAC PDU assembly.
Observation 5:  How to configure the SR depends on RAN1.
Observation 6:  Short TTI will impact the PH calculation which should be discussed in RAN1.
Observation 7:  LTE common DRX can be reused with some enhancements.
Based on the above observations 3/4/5/6/7, it is also proposed:
Proposal 1: The HARQ entity for short TTI should be separated from the HARQ entity used for legacy TTI in one carrier. The supported HARQ process number for each HARQ entity should be determined by RAN1.
Proposal 2: The LCP enhancements for short TTI can be considered from the following two aspects:
· Latency should be considered in the LCP procedure.
· If unicast PDSCH and sPDSCH in the same carrier in one subframe is supported by RAN1, the LCP procedure may include two MAC PDU assemble in the same carrier in one subframe.
Proposal 3: The discussion on the impact of short TTI on SR/BSR procedure should be postoned until there is conclusion on SR configuration in RAN1.
Proposal 4: The discussion on the impact of short TTI on PHR procedure should be postoned until there is conclusion on PH calculation in RAN1.
Proposal 5: Common DRX with the enhancement of sTTI monitoring reservation should be supported. The detailed signalling for sTTI monitoring reservation can be further studied.
Proposal 6: The PDCCH-subframe counting can be based on the reference TTI, e.g., the legacy 1ms TTI.
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