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1
Introduction
The WI on Latency reduction techniques for LTE has been approved in at RAN#72 [1], where one of the objectives is to enabled reduced minimum timing/processing time for 1ms TTI.  
At RAN1#86 [2], a reduced processing time reduction to at least n+3 timing has been agreed with n+2 timing still being FFS based on the following agreement: 

Agreement:

· 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:

· Possible minimum timing of n+2 TTI

· FFS max TA in this case

· FFS what other restrictions (if any) on when reduced processing times of n+2 could be applied

· Possibility of scheduling by EPDCCH.

In this contribution, we discuss the support of n+2 timing and provide our input on possible restrictions. 
2
Feasibility of n+2 timing for 1ms TTI
As also discussed in our companion contributions on the required UE processing steps [3,4], requiring an n+2 timing relationship will clearly require faster processing from the UE point of view than n+3 timing. On the other hand, 3GPP needs to define features which should be operational throughout the life-span of the overall LTE technology and therefore we should not only focus on what is possible with the past or current UE architectures but consider also upcoming advances in UE processing technologies which will anyhow be needed when introducing e.g. 2-symbol sTTI with reduced processing time as well as NR within Rel. 15. The support for n+2 timing for 1-ms TTI would clearly be a UE capability and not all the UEs will be required to support such operation. 

Our motivation for introducing also the n+2 timing now (in Rel. 14) is to enable once and for all the reduced processing time operation for the 1ms TTI. This can be seen similarly, as e.g. the Rel. 13 massive Carrier Aggregation framework supporting up to 32CCs: although it was widely acknowledged that such UE would not be available immediately, it was seen as beneficial to have the feature anchored in the specifications in a future proof manner. This way the feature can be rolled-out as soon as the technological advances make the operation possible. 

Specifically from future-proofness point of view we propose to also specify n+2 operation to enable its usage as soon as any UE processing platforms are able to support such operation (latest within the Rel.15/NR timeframe). 

Proposal 1: In order to enable future-proof evolution of the 1ms TTI operation, support a minimum timing of n+2 TTIs for FS1/2/3 for UL grant to UL data and for DL data to DL HARQ for UEs capable of operating with reduced processing times. Needed restrictions are FFS.  

3 
On restrictions for n+2 timing

In this section and the following subsections we discuss overall restrictions applicable to both PDSCH and PUSCH operation as well as the PDSCH and PUSCH specific restrictions. 
3.1. On overall restrictions for n+2 minimum timing
As discussed at RAN1#86, two main limitations to overall processing time reduction are the maximum timing advance value and the time needed for decoding the downlink control information. 
As in case of n+3 operation, the maximum TA value needs to be reduced for n+2 timing and clearly the restriction cannot be looser compared to the x ≤0.33ms for n+3 timing. Therefore, for the n+2 timing, the maximum TA value y (y ≤ x ≤0.33ms) is assumed here. Independently of the decision on maximum TA value for n+3, we think that a restriction to about y=150-200us for n+2 operation still provides room for latency reduction and at the same time provides a reasonably large possible timing advance to operate the n+2 feature efficiently. 

Proposal 2: Restrict the maximum timing advance for a minimum timing of n+2 to 0.15ms-0.2ms.  

On the DL control channel, the support of EPDCCH for n+3 timing is still open (FFS). In our companion contribution [5], we propose to make the EPDCCH support with n+3 timing a UE capability to account for different UE implementations in the future. In principle, the same could also be applied for n+2 minimum timing.
When using EPDCCH with n+2 timing, at maximum 1ms will be available for the UE to process and start transmissions whereas when using PDCCH, this will be increased to ≥1.714ms which is a boost of 70% in the allowed processing time (including timing advance). We think that EPDCCH support with n+2 timing would not be possible for UEs for a very long time to come (if ever) and therefore to keep things simple, we propose to limit the n+2 operation to PDCCH scheduling only. 

Proposal 3: The minimum timing of n+2 is supported only through PDCCH scheduling. EPDCCH scheduling with minimum timing of n+2 is not supported.
As we also discuss in our companion contributions [3,4], the DL control decoding latency can be further decreased by reducing the number of blind decodes for the n+2 operation, if this is seen as one of the key factors. Such limitation could be implemented using the blind decoding reduction techniques specified in the Rel. 13 CA framework. 

Proposal 4: RAN1 to consider limiting the number of blind decodes for n+2 operation to Z% of the nominal number of blind decodes. Value of Z is FFS.  
3.2. PDSCH operation specific restrictions for n+2 timing
As discussed in RAN1#86 and in our companion contribution [3], the turbo decoding of the PDSCH data is taking a rather significant portion of the required processing time at the UE between DL data reception and DL HARQ-Ack transmission. Therefore, restrictions on the number of turbo codeblocks to be decoded, to support n+2 timing, could provide significant processing time savings. 
As we discuss in detail in [3], we think that a restriction does not need to put on the transport block size but only the overall number of turbo code blocks for PDSCH decoding needs to be considered. Therefore, a possible restriction for the n+2 timing could be put on the ‘Maximum number of DL-SCH transport block bits received within a TTI’ as denoted in the UE category definitions of 36.213. This will enable the eNB to operate still with a rather large TBS on a single (or a small set of carriers) compared to the overall UE capability in terms of Maximum number of DL-SCH transport block bits received within a TTI (i.e. the peak data rate the UE is able to support) as in normal operation a UE will almost never be scheduled up to its UE capability, assuming top-of-the-line UEs supporting CA with several DL carriers, higher order MIMO, 256QAM etc. 

As discussed in Sec. 1, nevertheless the feature specification should be applicable throughout the life-span of the LTE technology. Therefore, some restrictions to the applicability of n+2 operation might at a certain point of time not be required any longer from the UE complexity point of view, but the full advantages of the n+2 timing would still be lost. Therefore, one might consider indicating as part of the UE capability signalling if a restriction in the Maximum number of DL-SCH transport block bits received within a TTI is required for the UE or not. Too many different sets of restrictions are seen as counter-productive as this might create a rather diverse set of UE capabilities the eNB would be required to handle. Having the option for an n+2 capable UE to indicate if a reduction to e.g. R=50% of the Maximum number of DL-SCH transport block bits received within a TTI is required or no restriction is required seems to be a good compromise here. 

We therefore propose: 

Proposal 5: A n+2 timing capable UE is able to indicate the required reduction in the Maximum number of DL-SCH transport block bits received within a TTI relative to its overall capability given by the supported UE category. The possible restriction values are given by R=50% (i.e. half the instantaneous peak data rate) and R=100% (i.e. no peak data rate restriction required).
Having such differentiation in place, the n+2 timing for DL data with the 50% restriction should be possible with upcoming UE modem architectures whereas the ‘no restriction’ case provides the flexibility to operate without restriction if a UE is able to do so.
Other possible restrictions one might consider are captured in our companion contribution [3], but we don’t see any additional restrictions than enabling a peak data rate reduction to 50% as needed! 

3.3. Possible PUSCH operation changes for n+2 timing
As noted in our companion contribution [4], the timeline for the UE to prepare the PUSCH transmission is slightly more relaxed compared to DL data to DL HARQ as the UE is not required to perform the rather computation extensive PDSCH Turbo decoding but only needs to do Turbo Encoding (not requiring any Turbo Iterations). Moreover, looking at the peak data rates that UL and DL support for any existing UE category (incl. the 32 CC ones) the DL peak data rates are still very much higher compared to the UL ones. 
Therefore, a reduction in the processing time to n+2 for some upcoming UEs should clearly be possible without a restriction in the instantaneous UL peak data rate. 

Proposal 6: UL peak data rate restrictions are not specified for a minimum timing of n+2 between UL grant and PUSCH transmission. 

The discussions about latency mainly focus on the UE capabilities and on what changes/restrictions might be needed to reduce the processing time at the UE side. But in order to reduce the overall processing time, changes might be needed to reduce the processing time also at the eNB side. As mentioned in [6] and discussed more in [4], one such aspect is the interleaving of the UL-SCH data over all the PUSCH symbols that prevents from starting the PUSCH decoding at the eNB side as soon as a valid channel estimation (e.g. after the first UL DM-RS symbol) is available. As for DL-SCH such interleaving is not applied, such a delay is not present in the DL-SCH decoding. 

Therefore, in order to also enable a similar reduction of the processing time at the eNB side for UL-SCH as at the UE side for the DL-SCH, aligned with the observation in [6] we propose to remove the PUSCH interleaving over the PUSCH modulation symbols. This removal will moreover make the reduced processing operation with n+2 timing at UE side easier, as not all the UL-SCH turbo codeblocks of the 1ms TTI will need to be available at the time the PUSCH transmission is starting.
Proposal 7: For minimum timing of n+2, remove the interleaving for UL-SCH to facilitate a reduction in processing time at the eNB side as well as the UE side.
4
Conclusions

In this contribution we discuss the support of a minimum timing of n+2 for UL grant to UL data and for DL data to DL HARQ for UEs capable of operating with reduced processing time. 

Based on the discussions in this contribution, the following proposals are made:

Proposal 1: In order to enable future-proof evolution of the 1ms TTI operation, support a minimum timing of n+2 TTIs for FS1/2/3 for UL grant to UL data and for DL data to DL HARQ for UEs capable of operating with reduced processing times. Needed restrictions are FFS. 

Proposal 2: Restrict the maximum timing advance for a minimum timing of n+2 to 0.15ms-0.2ms.  

Proposal 3: The minimum timing of n+2 is supported only through PDCCH scheduling. EPDCCH scheduling with minimum timing of n+2 is not supported.
Proposal 4: RAN1 to consider limiting the number of blind decodes for n+2 operation to Z% of the nominal number of blind decodes. Value of Z is FFS.  
Proposal 5: A n+2 timing capable UE is able to indicate the required reduction in the Maximum number of DL-SCH transport block bits received within a TTI relative to its overall capability given by the supported UE category. The possible restriction values are given by R=50% (i.e. half the instantaneous peak data rate) and R=100% (i.e. no peak data rate restriction required).
Proposal 6: UL peak data rate restrictions are not specified for a minimum timing of n+2 between UL grant and PUSCH transmission. 

Proposal 7: For minimum timing of n+2, remove the interleaving for UL-SCH to facilitate a reduction in processing time at the eNB side as well as the UE side.
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