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1	Introduction
In this contribution paper, we provide some design details and considerations for uplink processing timeline reduction in legacy LTE systems.
2	Discussion
In RAN WG1 #86 and #86b, the following agreements related to shortening the processing time for uplink 1ms TTI are made:
· For FS 1-3, a minimum timing of  is supported for UL grant to UL data for UEs capable of operating with the reduced processing time with only the following conditions:
· A maximum TA is reduced to xms, where x <=0.33ms and its exact value is FSS.
· At least when scheduled by PDCCH.
· For FS 2, new UL scheduling timing relations will be defined.
· FFS on the possibility of scheduling via EPDCCH.
· Reduced processing time(s) are RRC configured for the UE.
· Working assumption: a mechanism for dynamic fallback to legacy processing timing is supported.
· Working assumption can be revisited if it is not found to be feasible.
· PHICH-less asynchronous HARQ for UL is used for 1ms TTI with shortened processing time.
· For FS 1 and 2, bit fields are defined in the applicable DCI messages to indicate HARQ process IDs and RVs.
· No change in FS 3 asynchronous UL HARQ operation is needed.
· The reduced timing of is not supported.

We discussed the design aspects related to enabling reduced timing in the DL of a legacy LTE system in [1]. To study UL, a natural question to ask is whether a different timing should be set in the UL compared to that of the DL. To answer this question, it should be noted that although DL processing is intensive due to PDSCH decoding, CSI processing and PUSCH encoding could also cause significant delay in the uplink. Hence, the same set of timing options can be considered in both DL and UL.
Proposal 1: The same set of timing options should be considered in both UL and DL.
As a result, the same design aspects considered for reducing the timing in the DL [1] can be considered in the UL as well. Here, we only repeat the related proposals as follows:
Proposal 2: For UEs capable of supporting the new UL timings, the fallback operation should be supported via CSS.
Proposal 3: When there is an ambiguity about the chosen timing, or both timings coincide during the same subframe, the legacy timing should take precedence.
Proposal 4: To support new shortened DL HARQ timing, the maximum TA is reduced to 67us. 
Proposal 5: Consider supporting only PDCCH based scheduling for new shortened UL timing.

In this paper, we consider the following additional design considerations in order to reduce the timing in the UL of a legacy LTE system:
1. Uplink synchronous HARQ for fallback operation.
2. CSI handling.
3. SRS transmission.
4. CA/DC operations under the reduced uplink timing.

3	Design Aspects of Timing Reduction in UL LTE 

3.1 Uplink Synchronous HARQ for Fallback Operation
As agreed in RAN WG1 #86, a PHICH-less asynchronous HARQ for UL is considered for 1ms TTI with shortened processing time. However, as mentioned in Section 2, for UEs capable of supporting multiple UL timings, the fallback operation should be supported. During the fallback operation, a synchronous UL HARQ can still be considered.
Proposal 6: Consider synchronous UL HARQ during the fallback operation.

3.2 CSI Handling 
As mentioned before, CSI processing in UL could be intensive. Thus, to enable a reduced UL timing, some restrictions should be placed on the CSI processing. These limitations can be as follows: 
(1) The number of CSI processes can be determined based on the UL timing as well as the UE capability. As an example, for a given UE, CSI updates for a larger number of CSI processes can be reported under  timing as compared to  timing. For a given UL timing, the number of CSI processes to report could also be different across different UEs based on their capabilities.
(2) Different types of CSI reports (e.g., wideband or subband based reports) can be triggered based on the configured UL timing and the UE capability.

Proposal 7: To enable shortened UL timing, the number of CSI processes is chosen based on both the configured UL timing as well as the UE capability.
In a legacy LTE system, the reference subframe for CSI measurement is the same as the subframe where the UL is granted. In other words, the delay between the CSI measurement and the CSI report is the same as the current  UL scheduling timing. Under the new reduced UL timing, it is preferable to modify the reference subframes for CSI measurement. This task can be done in two different ways:
(1) The gap between the CSI measurement subframe and the UL report can be based on the new UL timing. As an example, under the  uplink timing, a 3ms delay between the UL grant, equivalently the reference CSI measurement subframe, and the uplink report can be realized.
(2) Similar to the legacy approach, the delay between the CSI measurement subframe and the uplink report can remain at a minimum of 4ms. However, a subset of subframes can be determined, either implicitly (similar to eIMTA design) or explicitly, as reference subframes for CSI measurement. 

Proposal 8: When a reduced uplink timing is adopted, the reference CSI measurement subframe should be further discussed. 

3.3 SRS Transmission 
Another dimension to explore under the shortened uplink timing is SRS transmission. Similar to legacy LTE systems, SRS and PUSCH are triggered using the same DCI when a shortened UL timing is adopted. However, as opposed to the legacy approach where both SRS and PUSCH have similar UL timing, it could be possible to consider different UL timings for SRS and uplink data. However, for simplicity, the same timing is preferred. 
Proposal 9: Consider the same UL timing for SRS transmission and PUSCH. 

3.4 Additional Aspects of CA/DC Operations  
As discussed in [1], adopting the same reduced timing over all CCs may not be possible under CA/DC operations; under CA/DC, some CCs may belong to an eNB which does not configure or support the reduced timing. Further, under the DC operation, different groups of CCs are in general asynchronous. Hence, the maximum TA across these groups could differ considerably. As a result, the management of the UL transmissions over different CCs and under different UL timings is a challenging task. In order to address this issue, similar to [1], we propose:
Proposal 10: In CA/DC, a UE is scheduled with the same shortened UL timing over all CCs. If the shortened UL timing cannot be supported on any of the CCs, then the legacy  timing is chosen over all configured CCs.  . 


4	Conclusions 
Based on the discussion presented in the paper, we outline the specific issues that need to be considered for reducing the UL timing in a legacy LTE network. In particular, we propose:
Proposal 1: The same set of timing options should be considered in both UL and DL.
Proposal 2: For UEs capable of supporting the new UL timings, the fallback operation should be supported via CSS.
Proposal 3: When there is an ambiguity about the chosen timing, or both timings coincide during the same subframe, the legacy timing should take precedence.
Proposal 4: To support new shortened DL HARQ timing, the maximum TA is reduced to 67us. 
Proposal5: Consider supporting only PDCCH based scheduling for new shortened UL timing.
Proposal 6: Consider synchronous UL HARQ during the fallback operation.
Proposal 7: To enable shortened UL timing, the number of CSI processes is chosen based on both the configured UL timing as well as the UE capability.
Proposal 8: When a reduced uplink timing is adopted, the reference CSI measurement subframe can be further discussed. 
Proposal 9: Consider the same UL timing for SRS transmission and PUSCH. 
Proposal 10: In CA/DC, a UE is scheduled with the same shortened UL timing over all CCs. If the shortened UL timing cannot be supported on any of the CCs, then the legacy  timing is chosen over all configured CCs.  
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