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[bookmark: _Toc430698603][bookmark: _Toc430726690]Introduction
Some of the objectives of the shortened TTI and processing time WI [1] are shown below: 
	For Frame structure type 1: [RAN1, RAN2, RAN4]
· Specify support for a transmission duration based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 
· Specify support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 
· Down-selection is not precluded
· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

For Frame structure type 2: [RAN1, RAN2, RAN4]
· Specify support for a transmission duration based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH
· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

Follow the recommendation made in [2] when specifying for support of transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI.



As RAN1 is the leading WG for this WI, it also involves RAN2 as indicated in the objectives. In this contribution, we discuss the impacts to L2/L3 protocols from shortened TTI (sTTI). 

[bookmark: _Toc430698604][bookmark: _Toc430726691]Discussion
[bookmark: _Toc430698605][bookmark: _Toc430726692]Coexistence of legacy TTI and sTTI
It is expected that short TTI operation should coexist with the legacy TTI (1ms) in an LTE network. Depending on the specific design, this coexistence can have several impacts on the existing features.
[bookmark: _Toc430698606][bookmark: _Toc430726693]sTTI index
With legacy TTI of 1 ms, there are 10 subframes within a radio frame of 10 ms. Keeping the radio frame duration same as legacy radio frame duration, there will be more than 10 sTTIs (short TTIs) per radio frame.  
Based on RAN1 agreements as indicated in a recent LS from RAN1 [2], it seems the sTTI within the 1 ms legacy subframe/TTI will be identified using an sTTI index. For example, with 0.5 ms (slot-based) TTI, slot index within a subframe is reused, i.e., the sTTIs are identified as TTI#0 and TTI#1. This way the subframe numbering in terms of 1 ms legacy TTIs is persevered following a hierarchical indexing approach. This enables preserving most timers and other procedures defined in terms of number of (legacy) subframes in current specification. Some examples are DRX cycle lengths, SPS scheduling interval, delay from receiving of grant to data transmission etc. Some discussion on potential issues on DRX and SPS is provided in Section 2.2 below.
[bookmark: _Toc430872907][bookmark: _Toc466067851]Identifying different short TTIs within a legacy subframe by sTTI index enables preserving most timers and other procedures defined in terms of (legacy) subframes. 
[bookmark: _Toc430872908][bookmark: _Toc466067852]Some timing relationships/timers may need to be modified to support sTTI. 
[bookmark: _Toc430698607][bookmark: _Toc430726695]Multiplexing/switching between legacy TTI and sTTI
It is our understanding that a UE in idle mode operates with legacy TTI until it is enabled to use sTTI by the eNB during RRC connected mode. 
From a UE point of view, a particular UE may multiplex legacy TTI and sTTI in a TDM manner. As such, a UE having both types of traffic (e.g. delay sensitive and delay non-sensitive) can switch between short and legacy TTIs in TDM manner. The switching between the different TTIs may be dynamic or semi-static. In RAN1, it is FFS whether the sTTI length of a UE is indicated by eNB using RRC or PDCCH [2].
	Agreements:
· The DL sTTI length of a UE is indicated by eNB
· FFS details of configuration (based on RRC or PDCCH)



Further capabilities required for the UE depends on the type of switching supported. 
Case 1: Dynamic switching: If the UE is allowed to switch on a more dynamic/frequent basis (in the order of per subframe), the UE may need to monitor the PDCCH on both TTIs and use the corresponding PDSCH/PUSCH (legacy or sTTI) based on the scheduling information. If synchronous HARQ retransmission is to be supported in UL for sTTI, the legacy and short TTIs should be multiplexed taking into account the HARQ RTT of short TTI such that synchronous retransmissions are possible for sTTI transmissions. In case of dynamic switching, the UE may need to be able to process sTTI in the middle of legacy TTI reception or transmission. Otherwise, the gain of sTTI will be reduced. In addition, it should be discussed how legacy TTI and sTTI is used whether it is purely eNB scheduling or whether the UE can assist especially in case of uplink transmission. However, this needs to be further discussed in RAN1. 
Case 2: Semi-static switching: If the switching is supported in the order of multiple radio frames only, the UEs can be signalled by the network at the time of switching and only needs to monitor the PDCCH on that TTI afterwards. However, allowing HARQ retransmissions to continue even after switching to other TTI will introduce additional design challenges. For example, assuming synchronous UL HARQ and based on the HARQ RTT of short TTI, UE would need to switch back to short TTI for such retransmission. 
To provide reduced latency to the applications being supported by sTTI, it is desirable to have faster switching ability between the legacy TTI and sTTI. In terms of switching delay, dynamic switching (e.g., using DCI indication) is expected to be much faster than RRC based semi-static switching.
For a particular UE supporting both short and legacy TTI, it is beneficial to have capability of fallback from short TTI to legacy TTI (e.g., when sTTI capacity is full) and switching back to sTTI, even for low-latency specific traffic. An example use case is to allow short TTI during the TCP slow-start period of a low-latency application and, to reduce L1/L2 overhead, switch to legacy TTI when substantial TCP window size has been achieved. 
[bookmark: _Toc466067853]MAC layer design including HARQ operation is impacted due to multiplexing/switching between legacy and short TTI. 
[bookmark: _Toc430698609][bookmark: _Toc430726698]Affected MAC Functionalities
[bookmark: _Toc430726699]HARQ timing and RTT
The HARQ timing for the channels supporting short TTI depends on UE and eNB processing time as well as the design of HARQ ACK/NACK mechanism. 
From RAN1 LS, it seems RAN1 has not finished the design of HARQ timing. From RAN2 perspective, it is expected that for a short TTI, the transport block size will be smaller and therefore the processing times at eNB and UE can be reduced (compared to 3ms in current specification). This means that the HARQ timing needs to be modified. 
If the HARQ timing cannot be scaled by the same factor of TTI reduction and if synchronous HARQ is to be supported, different number of HARQ processes may be supported depending on the sTTI duration and node processing time (at UE/eNB). 
In addition, if dynamic switching is introduced, the co-existence of HARQ operation based on legacy TTI and sTTI should be studied. It is not yet clear if it should be handled in MAC or in PHY layer.  
[bookmark: _Toc430872914][bookmark: _Toc466067854]The number of synchronous HARQ processes and HARQ RTT need to be modified with respect to sTTI duration and node processing delay.
[bookmark: _Toc430726700][bookmark: _Ref430862703]DRX operation
In current specification, some DRX timers are defined in terms of PDCCH-subframes (onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer) and others are defined in terms of 1ms subframes (shortDRX-Cycle, longDRX-Cycle, drxStartOffset). The UE checks for possible state transition “for each subframe” ([5] Sec. 5.7). 
If DRX is to be supported for sTTI operation, it should be possible to reuse the existing DRX operations keeping the current definitions. As the current subframe numbering is preserved by introducing sTTI index as discussed above, according to current specification, the DRX state transitions will occur at the 1ms subframe boundaries even for sTTI operations. This means that in some cases the UE will not go to sleep for several sTTIs even though it has been inactive for the duration of inactivity timer if the granularity of DRX operation is legacy subframe duration (i.e. 1ms).. Therefore, there is possibility of further enhancement by defining specific DRX operations for sTTI, for example, by requiring the check in [5] Sec. 5.7 to be “for each short TTI within a legacy subframe”.
[bookmark: _Toc430872915][bookmark: _Toc430698115][bookmark: _Toc430698411][bookmark: _Toc430698542][bookmark: _Toc466067855]Even if short TTI is enabled, it is possible to reuse DRX timers and DRX procedure definitions based on the legacy TTI from current specification.
[bookmark: _Toc430872916][bookmark: _Toc466067856]Modifications in DRX operations may be possible for DRX enhancements specific to short TTI. 
Semi Persistent Scheduling
In current specification, SPS interval is configured in terms of subframes and once activated, the transmitter implicitly infers the next grant based on the interval ([5] Section 5.10). 
With short TTI, the exact procedure to enable shorter SPS interval of 1 TTI depends on RAN1 design of sTTI channels because SPS is activated via DCI signalling (PDCCH). If sPDCCH is not present in every sTTI, the conditions given in [5] (Section 5.10) need to be updated accordingly. 
Furthermore, it is possible that number of useful REs (and therefore TBS) to transport user data may be significantly different across different short TTIs based on the number of RS, presence of sDCI etc. This is possible for example, if PDCCH is only present in first TTI in a slot-based (0.5ms) TTI, and/or if number of OFDM symbols are different in different TTIs (e.g., 3 symbol TTI followed by 4 symbol TTI per slot in a configuration using normal CP, as RAN1 has decided to not use extended CP in sTTI). This possesses additional challenge for 1 TTI SPS interval because the size of UL grants can be very different in consecutive TTIs. 
On the other hand, then existing configurations for periodicity in terms of legacy TTI may be reused for SPS, however that limits the minimum interval to 1 ms (instead of 1 TTI). In addition, further changes are needed to indicate the SPS activation/reactivation/deactivation corresponding to a specific sTTI within a legacy subframe. 
Based on above discussion, the extent of protocol impact to support SPS on sTTI depends on RAN1 design of sTTI channels.
[bookmark: _Toc430978629][bookmark: _Toc466067857]The extent of protocol impact to support SPS on sTTI depends on RAN1 design of sTTI channels.
Based on the above discussion, we propose RAN2 to discuss the impacts of TTI reduction solution as outlined above.
[bookmark: _Toc430872917][bookmark: _Toc466067858]Discuss the potential impacts of sTTI on MAC specifications to decide whether any progress in RAN2 can be made at this stage based on the current RAN1 agreements. 

[bookmark: _Toc430698610][bookmark: _Toc430726702]Conclusions
In this contribution, we discussed several aspects of impact of TTI reduction on MAC protocols. We propose RAN2 to take these observations into account to figure out whether it is beneficial to ask RAN1 on inputs. 
Observation 1.	Identifying different short TTIs within a legacy subframe by sTTI index enables preserving most timers and other procedures defined in terms of (legacy) subframes.
Observation 2.	Some timing relationships/timers may need to be modified to support sTTI.
Observation 3.	MAC layer design including HARQ operation is impacted due to multiplexing/switching between legacy and short TTI.
Observation 4.	The number of synchronous HARQ processes and HARQ RTT need to be modified with respect to sTTI duration and node processing delay.
Observation 5.	Even if short TTI is enabled, it is possible to reuse DRX timers and DRX procedure definitions based on the legacy TTI from current specification.
Observation 6.	Modifications in DRX operations may be possible for DRX enhancements specific to short TTI.
Observation 7.	The extent of protocol impact to support SPS on sTTI depends on RAN1 design of sTTI channels.
Proposal 1.	Discuss the potential impacts of sTTI on MAC specifications to decide whether any progress in RAN2 can be made at this stage based on the current RAN1 agreements.

[bookmark: _Toc430698611][bookmark: _Toc430726703][bookmark: _GoBack]Reference
[1] RP-161922, “Revised Work Item on shortened TTI and processing time for LTE”
[2] R2-167420, LS on Shortened TTI and processing time for LTE (R1-1611055), RAN1


1

4

