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Introduction
This WI on short TTI and reduced processing [1] enables reduced processing time with both 1ms TTI and shorter TTI. For 1ms TTI operation, the reduced minimum timing for DL HARQ feedback and UL grant delay was agreed to be n+3. For short TTI, the minimum processing time is still open. For both features, a reduction of the maximum TA would facilitate processing time reduction.
This paper discusses maximum TA reduction for both 1ms TTI with reduced processing time and short TTI. It also includes aspects related to minimum processing time reduction for short TTI operation. 
[bookmark: _Ref178064866]Discussion
Maximum TA for reduced processing time and short TTI
Timing Advance is traditionally considered strongly related to the cell size supported, assuming that the baseband unit of the base station is located at a distance from the antenna connector that is ignorable from a propagation delay point of view. Current maximum timing advance, TA, 0.67ms, is dimensioned for a maximum cell size of 100km. For reduced processing time operation with 1ms TTI and short TTI operation, this level can be reduced to help these UEs meet a tighter HARQ feedback and UL grant delay. However, it is important to note that maximum TA has also an impact on the network deployment flexibility.
Indeed, with centralized-RAN (C-RAN) type deployments, the baseband unit (BBU) can be allocated several km from a remote radio unit (RRU), in which case the propagation delay over the fiber also needs to be considered. In case of RRU deployments, the timing advance is typically set so as to compensate the overall two-way propagation delay between the UE and central unit which thus includes the two-way propagation delay between RRU and central unit. Note that due to the lower propagation speed in the fiber than in the air, a 20km distance between RRU and BBU results in approximately a 200us two-way propagation delay. From a UE perspective, this type of deployment will result in timing advance values always larger than zero, and the maximum cell size that can be supported will decrease with the increased distance between the BBU and the RRU, as depicted in Figure 1.


[bookmark: _Ref467501793]Figure 1: Impact on cell size supported with a certain TA in different deployments
As can be seen, if the maximum TA is too small, the actual cell size supported might be too small for practical deployments, or even not feasible (if already the fiber delay between BBU and RU is larger than the maximum TA supported). If RAN1 decides on a large reduction of maximum TA for users served with reduced processing time with 1ms TTI or short TTI, the actual applicability of these low latency features in the network is actually threatened.
Observation 1	A large reduction of maximum TA for reduced processing time or short TTI features limits the applicability of these features in real networks
When deciding a reduction of maximum TA for short TTI operation, it is preferable to consider constraints given by 1ms TTI operation as well. It is indeed advantageous to define a common maximum TA reduction for both short TTI and 1ms TTI operation for short TTI capable UEs. This way, the eNB has the flexibility to easily change the TTI length with which a short TTI capable UE is served, i.e. between the agreed short TTI lengths and 1ms TTI with reduced processing time. If, for instance, the defined maximum TA would be smaller for 1ms TTI with reduced processing time than for sTTI, sTTI would be applicable in some RRU deployments where 1ms TTI with reduced processing time would not be feasible. Due to the worst UL coverage with sTTI [5-6], the eNB would have to rely on 1ms TTI with n+4 timing even for sTTI UEs with reduced processing time capabilities if they are experiencing UL coverage issue with short TTI.
Proposal 1	Specify the same maximum TA reduction for both short TTI operation and 1ms TTI operation with reduced processing time.

Reducing maximum TA by half, to a maximum of 0.33ms provides sufficient flexibility to support a large variety of network deployments while also helping UEs to meet the reduced timing for HARQ feedback and UL grant delay. 
Proposal 2	Specify a maximum TA of 0.33ms that is applicable in case of sTTI transmission on a carrier or in case of 1ms TTI transmission with reduced processing time on a carrier.

Minimum processing time for short TTI
Assuming asynchronous operation for UL HARQ, the only delays that need to be specified for short TTI operation are the UL grant to UL data delay and the DL data to DL HARQ feedback delay. In this discussion point one should not mix up the minimum processing timing with the actually timing used in specific cases. For example, in case of FS2 the minimum processing timing may in many cases be smaller than the actual UL grant delay or DL HARQ feedback delay depending on the TDD UL/DL configuration. 
In the UE we can discriminate between three delay contributions that together make up to the processing time budget: scalable delay, non-scalable delay, and TA. The scalable delay is mainly related to Turbo encoding and decoding, and is assumed to scale with transport block size and therefore TTI length. This is in contrast to the non-scalable delay which accounts for e.g. FFT and IFFT.
We start from the recently agreed processing for n+3 timing as baseline for shortening of TTI. This is reasonable since the same hardware can be assumed for both features. With n+3 timing 2TTI, or 28os, can be used for processing in the UE. From this we can calculate what fraction of the processing that can be scaled if we assume levels for the non-scalable delay and the TA. Here, we select three levels of non-scalable delay: 7os (high), 4os (intermediate), or 1os (low). For the TA we choose the proposed level of 0.33ms for both n+3 and short TTI operation, corresponding to 5os. Scaling the scalable part according to the number of data symbols compared to legacy we then find the required processing delay in OFDM symbols. This is given in Table 1 for DL data to HARQ processing. The UE timing for UL grant to data and DL data to HARQ is the respective processing delay plus one TTI.
As one example, consider a non-scalable part of 4os and half TA (5os) for the 2-symbol DL TTI. The scalable time used for processing 28-10-4=14os is scaled according to number of data symbols, 14/7=2os. The total required processing is then equal to scalable plus non-scalable delay plus reduced TA, 2+4+5=11os.
Assuming that the intermediate level is a reasonable choice for the required DL data to HARQ timing, it would lead to 11os processing for 2os TTI, and 16os processing for 7os TTI. 
Table 1. Processing delay in the UE for DL data to HARQ for different contributions of non-scalable processing and TA. The baseline is n+3 timing with 0.33ms TA.
	Non-scalable part
	TTI length
	Half TA (0.33ms, i.e. ~5os)

	1os (low)
	2os
	9os = 5 TTI

	
	7os
	15os = 3 TTI

	4os (intermediate)
	2os
	11os = 6 TTI

	
	7os
	16os = 3 TTI

	7os (high)
	2os
	14os = 7 TTI

	
	7os
	18os = 3 TTI



Observation 2	With reasonable assumptions the DL data to DL HARQ processing scaled to TTI length leads to
· 11os processing for 2-symbol DL TTI
· 16os processing for 7-symbol DL TTI.

For the UL grant to data the processing (Turbo encoding) can likely be done faster, and in this case the low non-scalable level is a reasonable choice. The scaled processing for UL data delays are given in Table 2. 
As one example, consider a non-scalable part of 1os and half TA (5os) for the 2-symbol UL TTI with 2 data symbols. The scalable time used for processing 28-10-1=17os is scaled according to number of data symbols, 17/6=3os. The total required processing is then equal to scalable plus non-scalable delay plus reduced TA, 3+1+5=9os.
Note that the scalable part is scaled by the number of data and control symbols, so the DMRS symbols of PUSCH are excluded. The resulting processing for UL grant to data would then be 9os for 2os TTI, and 15os for 7os TTI.

Table 2. Processing delay in the UE for UL grant to data for different contributions of non-scalable processing and TA. The baseline is n+3 timing with 0.33ms TA.
	Non-scalable part
	TTI length
	Half TA (0.33ms, i.e. ~5os)

	1os (low)
	2os – 1 data symbol
	8os = 4 TTI

	
	2os – 2 data symbols
	9os = 5 TTI

	
	7os
	15os = 3 TTI

	4os (intermediate)
	2os – 1 data symbol
	11os = 6 TTI

	
	2os – 2 data symbols
	12os = 6 TTI

	
	7os
	16os = 3 TTI

	7os (high)
	2os – 1 data symbol
	13os = 7 TTI

	
	2os – 2 data symbols
	14os = 7 TTI

	
	7os
	18os = 3 TTI



Observation 3	With reasonable assumptions the UL grant to UL data processing scaled to TTI length leads to
· 9os processing for 2-symbol UL TTI
· 15os processing for 7-symbol UL TTI 

Based on the above observations, it can be seen that a timing of n+6 would be required for the UL grant to UL data processing in case of 2-symbol TTI. For DL data to DL HARQ the same timing is possible with some improvements of processing. For the longer TTI lengths fewer TTI are required, allowing n+4 timing.
The above calculation considers that an implementation uses up the entire legacy processing time of 2TTI to reach a timing of n+3. In reality most implementations have a margin and would not use up the entire 2ms processing time, which means that the scalable delay would be shorter than what is calculated above. 
Overall, a n+6 timing appears feasible for the shortest TTI length. It has the attractive property that the HARQ feedback for all sPDSCH of a subframe are sent in the subsequent subframe, and that UL grants can be sent in the subframe preceding the UL data. 
Observation 4	If UE timing is n+6 for 2-symbol TTI the DL HARQ and UL data can be sent in the subsequent subframe.

Even though the eNB configures over RRC or signals in the UL grant a TTI length of 2 symbols, the actual transmitted TTI can be of different length. The 2-symbol TTI patterns agreed for UL [3] and DL [4] consist of an alternating TTI length of 2 and 3 symbols. It is important to have a uniform HARQ feedback and UL grant timing also in the case of inhomogeneous TTI length. If not, the order of grants and HARQ feedback may be non-sequential and the timing pattern therefore becomes unnecessarily complicated.
Proposal 3	The UE timing for DL data to DL HARQ (based on DL TTI) and UL grant to UL data (based on UL TTI) is
· n+6 if the eNB has indicated/configured a 2-symbol TTI
· n+4 if the eNB has indicated/configured a slot long TTI

Proposal 3 leads to an expected HARQ RTT of 12 TTI for 2-symbol DL/UL TTI, and 8 TTI for 7-symbol DL/UL TTI, respectively. Based on these proposals 4bits are required for the HARQ process indication in the DCI. Therefore, the number of HARQ processes for short TTI operation should be 16.
Proposal 4	The number of HARQ processes is increased to 16 for short TTI operation.

Conclusion
In section 2 we made the following observations:
Observation 1	A large reduction of maximum TA for reduced processing time or short TTI features limits the applicability of these features in real networks
Observation 2	With reasonable assumptions the DL data to DL HARQ processing scaled to TTI length leads to
· 11os processing for 2-symbol DL TTI
· 16os processing for 7-symbol DL TTI.
Observation 3	With reasonable assumptions the UL grant to UL data processing scaled to TTI length leads to
· 9os processing for 2-symbol UL TTI
· 15os processing for 7-symbol UL TTI 
Observation 4	If UE timing is n+6 for 2-symbol TTI the DL HARQ and UL data can be sent in the subsequent subframe.
[bookmark: _GoBack]Based on the discussion in section 2 we propose the following:
Proposal 1	Specify the same maximum TA reduction for both short TTI operation and 1ms TTI operation with reduced processing time.
Proposal 2	Specify a maximum TA of 0.33ms that is applicable in case of sTTI transmission on a carrier or in case of 1ms TTI transmission with reduced processing time on a carrier.
Proposal 3	The UE timing for DL data to DL HARQ (based on DL TTI) and UL grant to UL data (based on UL TTI) is
· n+6 if the eNB has indicated/configured a 2-symbol TTI
· n+4 if the eNB has indicated/configured a slot long TTI
Proposal 4	The number of HARQ processes is increased to 16 for short TTI operation.
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