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Discussion and Decision
1. Introduction
At RAN #72, the reduced latency WI has been approved in [1]. According to the WID, reduced processing time should be specified also for 1 ms TTI. During the latency reduction (LR) study item, dynamic switching between legacy TTI and one shorter TTI (sTTI) has been found beneficial [2]. In addition, it was observed that the most of the LR gain comes from the TCP slow start, therefore eNB should be able to dynamically switch to legacy 1ms TTI processing time operation, when TCP slow-start is over and/or when conditions are not favorable. 

In this paper in Section 2 we discuss the need for dynamic switching between legacy and shorter processing time with 1ms TTI, i.e. LR without TTI shortening. In Section 3, we discuss how such dynamic switching could be indicated to the UE. In Section 4 we discussion the control channel design. 
2. On the need for dynamic switching 
The main motivation to support dynamic switching between legacy TTI and sTTI is the increased overhead with sTTI as well as low sTTI coverage limited due to e.g. sPUCCH. When the UE’s slow-start phase is over and LR gain diminishes, the increased control and DMRS overhead jeopardizes the performance of the UE operating with sTTI.

On the other hand, when processing time is reduced without TTI shortening, no additional overhead penalty nor lack of UL coverage is introduced. Therefore, it would seem that UE could operate with reduced minimum processing time continuously after being RRC configured with LR feature. However, in order to reduce processing time without TTI shortening, some scheduling restrictions (with respect to e.g. TBS/peak data rate, RA size, maximum TA etc.) may be introduced at the eNB. The need for scheduling restrictions is discussed in more detail in [3]
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[4]. 

Such scheduling restrictions applied semi-statically to the UE could cause degradation to its performance. Therefore, eNB should be able to dynamically switch UE’s from reduced to legacy processing time regime for 1ms TTI, and avoid such scheduling restrictions. For example if the UE’s TCP slow-start phase is over and TBS/data rate grows over certain threshold, it seems to be of advantage to be able to schedule the UE with legacy processing time. Therefore, if operation with reduced processing time is only possible with scheduling restrictions (TBS etc.), dynamic switching between reduced and legacy processing time should be supported with 1ms TTI. 

Proposal-1: If scheduling restrictions are introduced for operation of 1ms TTI with reduced processing time, support dynamic switching (on a per subframe basis) between reduced and legacy processing time with 1ms TTI.

The UE capable of operating with reduced processing time, will be RRC configured with LR feature by the eNB. However, during configuration period of uncertainty, there should be a way to schedule the UE such that legacy timing is guaranteed. In our view the simplest way to facilitate this is to assume legacy processing times when DL assignment or UL grant is transmitted in the CSS. 

Proposal-2: UE scheduled with PDSCH or PUSCH from CSS should always assume legacy processing time.
3. Mechanisms to indicate different processing times to the UE
There are several methods how dynamic indication of processing time with 1ms TTI could be carried to the UE: 
A. Indication by the DCI: In here it is assumed that the same single DCI format schedules both legacy and reduced processing time with 1ms TTI. The indication in the DCI could be done explicitly or implicitly through the DCI scheduling PDSCH or PUSCH. This option requires the UE to only monitor for a single DCI format (size). Several different options can be considered here:

A1. Single new enhanced DCI format could be defined containing a single additional bit compared to legacy DCI format used by a specific transmission mode to explicitly indicate applicable processing time. 
A2. Single legacy DCI format, where the processing time would be implicitly determined by the DCI. The implicit indication could be done by several different ways, such as using different CRC scrambling and or applying different processing time dependent on the scheduled TBS or other restrictions (in case TBS or other restrictions are seen needed by RAN1 for enabling reduced processing time). Compared to Option A1 above, the DCI size will not increase and the legacy DCI (at least for PDSCH scheduling) can be used directly. For PUSCH, the possible utilization of this option is dependent on the decision of the applicable PUSCH HARQ operation (synchronous vs. asynchronous HARQ).
B. Implicit indication by the DCI format (size), which would determine the processing time. In other words, reduced processing time grant/assignment would have different size than legacy formats with legacy processing time. In contrast to a single DCI format, this will require the UE to look for more DCI formats which might affect the number of blind decodes for the UE. In case asynchronous UL HARQ is agreed as operation mode, this might be a possible way to operate the dynamic switching specifically.  
C. Indication by the PDCCH candidate position using the same DCI: Another option to be considered is not giving the indication by DCI itself, as in the case of Options A and B. Instead, the search space candidate position on USS, carrying the DCI, determines the processing time for the UE. This option would then require to split the search space in search space candidates applicable for reduced processing time and candidates that schedule with legacy processing time on USS.
4. Control channel design enabling dynamic processing time fallback 
Dynamic switching between legacy and reduced processing time with 1ms TTI will require some changes also to the DL control operation.
If scheduling from CSS always assumes legacy processing time, as proposed in Proposal 2, and TDM nature of PDCCH is more suitable for reduced processing time operation, as discussed in [3], then PDSCH and PUSCH with reduced processing time should be scheduled from USS in PDCCH. In addition, to further reduce processing effort at the UE, reduced latency DL assignments and UL grants could be transmitted only on a predetermined subset of legacy USS, further decreasing the DCI blind detection delay. Moreover, independently of confining the reduced latency grants and assignments to a subset of USS, the overall number of blind decodes on USS should not be increased due to enabling the dynamic switching between legacy and reduced processing time 1ms TTI operation. 
Proposal-3: The overall number of blind decodes the user performs on USS should not be increased due to enabling dynamic switching between legacy and reduced processing time 1ms TTI operation.
Proposal-4: RAN1 to further study the need to reduce the USS carrying grants for reduced processing time 1ms TTI operation.

Let us now take a look at the search space operation for the different indication options discussed in the previous section, now assuming that:

· the total number of blind decodes is not increased compared with legacy, 
· and the number of blind decodes for reduced processing time operation needs to be reduced. 

For the indication by the DCI (Option A in the previous section), only a single DCI is monitored. Therefore, each applicable search space position requires a single blind decode for the DCI and, thus, this option does not increase the overall number of blind decodes performed by the UE on PDCCH USS. However, in order to reduce the number of blind decodes for 1ms TTI LR, the search space could be structured as shown in Figure 1. For each aggregation level (AL), some candidates could carry grants and assignments both for reduced and legacy processing time (green) and some could carry only legacy processing time grants and assignments (yellow). UE would first try decoding from the candidates that might carry grants or assignments for reduced processing time to decrease the DL control decoding latency. 
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Figure 1 An example of PDCCH USS partitioning: green candidates may contain both legacy and reduced processing time grants, yellow candidates may contain only legacy processing time grants
In contrast, for the indication options B and C mentioned in the previous section, a different PDCCH search space structure would be required. 


In case the UE will need to monitor for different DCI formats/sizes depending on the applicable processing time according to Option B, the number of DCI formats to be monitored will be increased and we need to take this into account in the search space definition in order to avoid overall increase in the number of blind decodes. A possible solution would be to split the PDCCH USS candidates as illustrated in Figure 2, where some candidates can carry only reduced processing timing grants and assignments (red) and the remaining candidates carrying only legacy processing timing grants and assignments (yellow). This partitioning of PDCCH USS candidates can operate as well with identical DCI formats for both reduced and legacy processing time according to Option C, where the USS candidate position of the DCI determines which processing time should be assumed by the UE and eNB.  
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Figure 2 An example of PDCCH USS partitioning: red candidates may contain only reduced processing time grants, yellow candidates may contain only legacy processing time grants
To summarize the above PDCCH USS discussions, the following observation can be made: 

Observation-1: Depending on the chosen method to indicate the processing time for PUSCH/PDSCH, different user-specific search space partitioning needs to be considered. 
5. Summary
Based on the discussion in this contribution, we have the following observations and proposals:

Proposal-1: If scheduling restrictions are introduced for operation of 1ms TTI with reduced processing time, support dynamic switching (on a per subframe basis) between reduced and legacy processing time with 1ms TTI.

Proposal-2: UE scheduled with PDSCH or PUSCH from CSS should always assume legacy processing time.
Proposal-3: The overall number of blind decodes the user performs on USS should not be increased due to enabling dynamic switching between legacy and reduced processing time 1ms TTI operation.

Proposal-4: RAN1 to further study the need to reduce the USS carrying grants for reduced processing time 1ms TTI operation.

Observation-1: Depending on the chosen method to indicate the processing time for PUSCH/PDSCH, different user-specific search space partitioning needs to be considered. 
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