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Introduction
With short TTI (sTTI) as currently defined in RAN1 according to [1] LTE latency in DL and UL is reduced by allowing transmissions on a shorter timescale. Short TTI have been discussed initially in RAN2#96 with the following agreements:
	Agreements:
· RAN2 will study the impacts of dynamic switching between legacy and sTTI on the MAC
· FFS if LCP procedures need to be changed and if multiplexing restrictions will be needed.  Wait for RAN1 to progress
· FFS if some logical channel should be given priority to use the sTTI and the mechanisms to achieve this
· Mac-ContentionResolutionTimer is in number of subframes regardless of which TTI length is used
· The unit for HARQ RTT timer counting is the TTI length of the TB that starts the timer




The discussions were continued at RAN2#97 with the following agreements:
	Agreements:
· Logical channel can be configured to use one or more TTI duration(s).
· The mapping of LCH to TTI duration(s) is configured by RRC.
· Legacy LCP applies among considered logical channels for RBs.  FFS how MAC CEs will be handled.
· From the MAC perspective, the physical layer indication should indicate the associated TTI duration for the UL grant.  
· A single MAC entity will support both legacy and short TTIs.
· Common DRX configuration per MAC entity is applied.  Enhancements for sTTI sPDCCH monitoring can be considered.
· t-Reordering, discardTimer,  t-PollRetransmit, t-Reordering and s-StatusProhibit will keep current configuration, i.e. in ms, but lower granularity can be considered.




In this contribution, we further discuss logical channel priority (LCP) with sTTI and how this can be included in the MAC spec.
[bookmark: _Ref178064866]Discussion
In the present LTE system, we have many types of services with differentiated QoS. Different service data which require different treatment policy in RAN are mapped to corresponding logical channels. For each logical channel, there is preconfigured logical channel priority (LCP). According to the LCPs, data for the logical channels is prioritized for transmission on allocated radio resources.	
New services with strict latency requirements are expected to be served by LTE, e.g. C-MTC services. These may also be multiplexed with other less latency dependent services, such as M-MTC. I.e. services with different latency requirements may be served in the same UE. 
With the introduction of short TTI, which can be scheduled dynamically within regular TTI of 1ms, data may be transmitted with high or low latency. For overall data delivery, beside TTI duration, also related processing times are important to consider for the overall delivery time. 
A mechanism in LTE is required to prevent data of a logical channel with a very strict latency requirement to be transmitted with a longer TTI. This have been discussed already for NR (and TTI lengths due to different numerologies) in [2]. Furthermore, for NR it had been agreed that LCP takes into account the mapping of logical channels to one or more numerology/TTI duration (see [3]). The same principle can be adopted for LTE as well. 
A few TTI durations have been discussed, but currently there are two short TTI lengths being considered, 2 OFDM symbols and 7 OFDM symbols. We also have the normal TTI length of 1 ms. 
[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244]Three different TTI lengths are being considered today, and more might be added in later releases.
Signalling one allow/block bit per possible TTI duration instead of signalling one maximum TTI duration will require more bits to configure. 
Services that have very strict delay requirements might not work if data arrive late, and late data might be discarded at the destination. Thus, there are use cases that are only supported on short TTI length. 
In DL, it is up to the scheduler to map logical channels to transport blocks with certain TTI duration. In UL, the functionality can be realized as part of the LCP:
· Each logical channel is associated with a maximum allowed TTI duration. 
· For an UL grant related to a certain TTI duration, the LCP procedure would only consider those logical channels with associated maximum allowed TTIs smaller than the TTI duration related to the TTI UL grant
· For the considered logical channels, the legacy LCP procedures applies, e.g. considering priorities among the logical channels. 
[bookmark: _Toc468789842][bookmark: _Toc468789967][bookmark: _Toc468789980][bookmark: _Toc468790000][bookmark: _Toc468884713][bookmark: _Toc468884744][bookmark: _Toc471745137][bookmark: _Toc473205689][bookmark: _Toc473207155][bookmark: _Toc473207424]A logical channel has a property of maximum allowed TTI duration. 
[bookmark: _Toc468789843][bookmark: _Toc468789968][bookmark: _Toc468789981][bookmark: _Toc468790001][bookmark: _Toc468884714][bookmark: _Toc468884745][bookmark: _Toc471745138][bookmark: _Toc473205690][bookmark: _Toc473207156][bookmark: _Toc473207425]Only logical channels with a maximum allowed TTI duration smaller than (or equal) to the duration of the current TTI are considered in the logical channel prioritization. 
[bookmark: _Toc468789844][bookmark: _Toc468789969][bookmark: _Toc468789982][bookmark: _Toc468790002][bookmark: _Toc468884715][bookmark: _Toc468884746][bookmark: _Toc471745139][bookmark: _Toc473205691][bookmark: _Toc473207157][bookmark: _Toc473207426]Legacy logical channel prioritization applies among considered logical channels. 
In the standardized QCI characteristics (see 6.1.7 in [4]) each QCI is associated with a packet delay budget. A simple way for the eNB to enforce a strict packet delay budget of a certain QCI can be by setting the maximum allowed TTI duration. Thus a maximum allowed TTI duration nicely connects to the existing QoS framework. 
With a maximum TTI duration, a C-MTC service can be prevented to send UL data on long TTIs. The scheduler then needs to provide short TTI UL grants so that the C-MTC service can fulfill its latency requirement. Another concurrent service, such as M-MTC, for which a relaxed maximum allowed TTI duration is considered, may be mapped to both short or long TTI. The logical channel priority should be set lower for the M-MTC service than for the C-MTC service. This way, the C-MTC service would be prioritized when competing for a short TTI UL grant. In case there is no C-MTC data, other services like M-MTC or MBB can use the short TTI to enjoy the short delay. 
If RAN2 agrees to proposal 1, 2 and 3 we suggest adding the following in red font at the same indentation as the existing text in black font to 36.321 section 5.4.3.1:
…
-	for transmissions on serving cells operating according to Frame Structure Type 3, the MAC entity shall only consider logical channels for which laa-Allowed has been configured.
-	for transmissions on TTI duration t, the MAC entity shall only consider the logical channels for which maxTtiDuration is larger or equal to t 
Another aspect to be discussed is the BSR and SR triggering. To trigger a BSR based on data becoming available in the low latency logical channel, it could simply be associated with a higher priority than other logical channels, which would also be a typical configuration, given the criticality of this logical channel. 
In case no UL grants (neither for short TTI nor long TTI) are available, SR would be triggered. SR can be triggered on sPUCCH or PUCCH (in case both are available). 
We assume here that sPUCCH is indeed available and prioritized over PUCCH for SR transmission. Then, we need to consider the situation in which an UL grant for only long TTI is available, where e.g. logical channel transmissions with relaxed latency requirements are ongoing, but no short TTI is available. In this case, a logical channel with time critical data would not be considered for transmission (due to Proposal 1). A BSR would be triggered and transmitted via the long TTI. For strong TTI lengths differences, e.g. 1ms TTI and 2os TTI, transmitting and processing this BSR on the long TTI transmission might however be unacceptable for the logical channel data of the low latency service. Therefore, one should consider triggering an SR for transmission on sPUCCH, in case new data becomes available on a logical channel for which a maximum TTI duration is specified, but no UL grant with a shorter TTI duration is available. This way, the principle of maximum TTI duration per logical channel is also applied to SR, i.e. the maximum TTI duration indicates the wanted maximum SR period for this logical channel.
Logical channels configured with a maximum allowed TTI duration shall 
* trigger an SR when new data becomes available and there is no UL grant with a TTI duration shorter or equal to the maximum TTI duration available 
* only trigger SR on sPUCCH/PUCCH with a TTI duration shorter or equal to the maximum TTI duration 
Conclusion
In the previous section we made the following observations:
1. Three different TTI lengths are being considered today, and more might be added in later releases.

In the previous section we made the following proposals:
1. [bookmark: _In-sequence_SDU_delivery]       A logical channel has a property of maximum allowed TTI duration. 
Only logical channels with a maximum allowed TTI duration smaller than (or equal) to the duration of the current TTI are considered in the logical channel prioritization. 
Legacy logical channel prioritization applies among considered logical channels. 
If RAN2 agrees to proposal 1, 2 and 3 we suggest adding the following in red font at the same indentation as the existing text in black font to 36.321 section 5.4.3.1:
…
-	for transmissions on serving cells operating according to Frame Structure Type 3, the MAC entity shall only consider logical channels for which laa-Allowed has been configured.
-	for transmissions on TTI duration t, the MAC entity shall only consider the logical channels for which maxTtiDuration is larger or equal to t 
Logical channels configured with a maximum allowed TTI duration shall 
* trigger an SR when new data becomes available and there is no UL grant with a TTI duration shorter or equal to the maximum TTI duration available 
* only trigger SR on sPUCCH/PUCCH with a TTI duration shorter or equal to the maximum TTI duration 
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