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Discussion and Decision
1. Introduction
The WI on Latency reduction techniques for LTE has been approved [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 n+3 timing has been agreed: 

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:

· Possibility of scheduling by EPDCCH.

Moreover, asynchronous UL HARQ has been agreed to be used with reduced processing time operation for 1ms TTI based on the following agreement in [2]: 

Agreement:

· PHICH-less asynchronous HARQ for UL is used for 1 ms TTI with shortened processing time 

· For FS1 and FS2, bit fields are defined in the applicable DCI messages to indicate HARQ processes ID and RV 

· No change in FS3 asynchronous UL HARQ operation

Furthermore, at RAN1#87 the support of dynamic fallback to legacy processing time has been agreed, with the collision handling of n+3 and n+4 being for further study: 

Agreement
· For 1 ms TTI shortened processing, support fallback to legacy processing timing n+4 by the search space, i.e.  DCI for processing time n+3 are carried in USS of PDCCH and DCI for processing time n+4 are carried in CSS of PDCCH.
· For PDSCH the HARQ processes of n+3 1ms TTI and n+4 1ms TTI are shared
· FFS: Possible PUSCH HARQ processes sharing between n+3 1ms TTI and n+4 1ms TTI
· FFS: UE behaviour in case of n+3 and n+4 collision
· Note: It is not expected that the eNB will often change between n+3 and n+4 scheduling timing
In this contribution, we discuss the required scheduling restrictions for collision handling of n+3 and n+4 timing. 
2. Scheduling restrictions for 1ms PDSCH operation with different processing times

One thing to consider for the n+4 fallback from n+3 is if a UE can be scheduled more than one PDSCH HARQ process in the same subframe with different processing times. Such operation would require more DL HARQ processes and more UE soft-buffer. Moreover, the motivation to schedule more than one PDSCH HARQ process on a carrier within the same subframe is rather questionable, as based on the RAN1#87 agreements the DL HARQ processes are to be shared and the PDSCH is to be transmitted at the same time. Therefore, we propose to put a restriction to only enable a single PUSCH HARQ process per carrier and subframe. This restriction is equally applicable to FS1, FS2 and FS3.
Proposal 1: For FS1, FS2 and FS3, a UE is not expected to receive more than one 1ms TTI unicast DL assignment per scheduled carrier per subframe. 

Another thing to consider is the DL HARQ-Ack collision on PUCCH/PUSCH when operating with different processing times for 1ms TTI. As shown in Figure 1 assuming FS1, there could be DL HARQ-Ack collision when scheduling PDSCH on CSS with n+4 timing followed in the next subframe by USS PDSCH scheduling with n+3 timing. As in the example of Figure 1, the HARQ-Ack information of PDSCH scheduled with n+4 in SF#1 and PDSCH scheduling with n+3 in SF#2 would collide which could be either handled by imposing some scheduling restriction or requiring a redesign of the HARQ-Ack mapping on PUCCH/PUSCH to accommodate the increased HARQ-Ack payload. 
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Figure 1: HARQ-Ack collision/increase HARQ-Ack load in the transition 
from n+4 (scheduled from CSS) to n+3 (scheduled from USS) for FS1.
As the switch between a longer (e.g. n+4) and followed shorter processing time (e.g. n+3) is seen as a rare case (which is explicitly noted in the RAN1#87 agreement) and in order to keep the specification impact of reduced processing time for 1ms TTI small, we propose to impose eNB scheduling restrictions to prevent the HARQ-Ack collision for FS1 which will not require any further changes to the HARQ-ACK multiplexing on PDCCH or PUSCH, as shown in Figure 2. 
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Figure 2: PDSCH scheduling restriction (in red) in the transition from n+4 (scheduled from CSS) 
to n+3 (scheduled from USS) to prevent HARQ-Ack collision for FS1.
This can be described from UE behaviour point of view as:

Proposal 2: For FS1, the UE is not expected to be scheduled on a carrier with 1ms TTI unicast PDSCH HARQ processes of different processing times in different DL subframes requiring the HARQ-Ack to be fed back in the same UL subframe. 

For FS2, the required related considerations are slightly more complicated in terms of HARQ-Ack timing and are in more detailed covered in our companion contribution handling TDD aspects [4]. 

For FS3, the handling is very much dependent on the FS type of the licensed band cell carrying the PUCCH (which is normally the PCell). Therefore, either the FS1 behaviour discussed in proposal 2 or the FS2 specific aspects discussed in [4] apply. 

3. Scheduling restrictions for 1ms PUSCH operation with different processing times

Similarly, as in case of DL HARQ-Ack, several PUSCH could be scheduled in a single UL subframe from different DL subframes in case of transition from longer to shorter processing time. As in the discussions on PDSCH, requiring the UE to transmit more than one 1ms TTI PUSCH within a subframe should be prevented. Such scheduling restriction for the transition is illustrated in Figure 3 for FS1: 
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Figure 3: PUSCH scheduling restriction (in red) in the transition from n+4 (scheduled from CSS) 
to n+3 (scheduled from USS) to prevent PUSCH collision for FS1.
Therefore, we propose a similar scheduling restriction for PUSCH:
Proposal 3: For FS1, FS2 and FS3, a UE is not expected to be scheduled with more than one 1ms TTI PUSCH (HARQ process) per UL carrier within a subframe. 
For the transition from faster to slower processing time, such scheduling restriction will clearly not be required but this might create a potential gap in PUSCH scheduling. One option to prevent such gap would be to require from the UE (similarly as in case of eLAA) to monitor for more than one UL grant per subframe also for FS1, as shown in Figure 4 for the case of CSS scheduling with n+4 and USS scheduling with n+3. Thereby, UL grants with different processing times transmitted within the same DL subframe enable continuous PUSCH scheduling in case of fallback to slower processing time (such as n+4 scheduled by CSS). Such transition is not to happen too often (based on the RAN1#87 agreed note) but the specification and implementation complexity enabling this is rather minor. Therefore, such operation should be supported. 
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Figure 4: PUSCH scheduling from DL subframe #1 with different processing times (for the example of FS1) 

Proposal 4: For FS1, FS2 and FS3, a UE is expected to receive UL grants with different processing times within a subframe. 

4. Summary
In this contribution, we discuss the required scheduling restrictions for collision handling of n+3 and n+4 processing time for 1ms TTI.

Based on the discussion in this contribution, we have the following proposals:

· Proposal 1: For FS1, FS2 and FS3, a UE is not expected to receive more than one 1ms TTI unicast DL assignment per scheduled carrier per subframe.

· Proposal 2: For FS1, the UE is not expected to be scheduled on a carrier with 1ms TTI unicast PDSCH HARQ processes of different processing times in different DL subframes requiring the HARQ-Ack to be fed back in the same UL subframe. 

· Proposal 3: For FS1, FS2 and FS3, a UE is not expected to be scheduled with more than one 1ms TTI PUSCH (HARQ process) per UL carrier within a subframe.
· Proposal 4: For FS1, FS2 and FS3, a UE is expected to receive UL grants with different processing times within a subframe. 

Some further FS2 specific DL HARQ-Ack handling is discussed in our companion contribution [4]. 
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