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Discussion and Decision
1. Introduction
In the RAN1 meeting #86 [1] alternatives of subframe structures for 2OS sTTI were summarized in [2]. In addition certain aspects that should be taken into account in down selection were agreed: 
· Aspects to consider when downselecting between the 2OS DL sTTI in R1-1610827
· Orphan symbol sTTI

· Support of distributed resource block allocation together with sTTI operation

· Slot based sTTI operation together with 2 symbol sTTI operation

· CSI-IM

· Varying number of shortened TTI within a subframe

· PCFICH detection error

· HARQ timing

· Achievable minimum HARQ/scheduling timing with varying sTTI length

· UL sTTI structure

· Other aspects can also be considered

In this paper we benchmark alternatives from [2] with respect to the agreed aspects.  

2. DL subframe structures of 2OS sTTI
In #86bis the main topic of sTTI discussion was UL and DL 2OS subframe structure, which is clearly a base stone for any further design of 2OS sTTI. However, as seen from [2], the views of companies are still rather diverse. In the following, we state our opinions on preferred DL sTTI pattern:
Orphan symbol
It has been agreed that PDCCH may contain sDCIs scheduling the sPDSCH and sPUSCH, but PDCCH symbols cannot contain sPDSCH. Irrespective of whether the length of PDCCH will be dynamically controlled through PCFICH or semi-statically configured by RRC, the number of sTTIs in a subframe where sPDSCH can be scheduled will vary. Furthermore, a variable PDCCH length results in an existence of an orphan symbol, being a sole OFDM symbol in a sTTI that may carry sPDSCH and sPDCCH. During the study item phase, it was concluded that 1OS sTTI would not be worth studying because control and/or DMRS would consume too large part of the available REs. For example, if current DMRS density would be assumed, the DMRS would consume 50% of available resources. 
Furthermore, assuming existence of 3OS sTTI in a subframe, which is a necessity to preserve the slot boundary with 2OS pattern (as was highlighted by several companies during RAN1#86bis), the variation of TBS size between sTTIs containing 1OS sPDSCH and 3OS sPDSCH would become huge, which is clearly undesirable. Therefore, we propose that patterns where sTTI is formed by a single/sole OFDM symbol that can carry sPDSCH should not be consider further. 

Proposal-1: Do not consider 2OS sTTI patterns, where a sTTI contains only a single OFDM symbol that can carry sPDSCH.  
Support of distributed resource block allocation together with sTTI operation


DL frequency hopping can be used in CRS-based modes with Type 2 resource allocation and distributed VRB. However, if an eNB chooses the Type 2 scheduling with distributed VRB for a legacy user, it may schedule also Release 14/15 UEs configured to sTTI accordingly to maximize the usage of available time-frequency resources. The sTTI DL band operating on the distributed VRB will be hopping as shown in Figure 1. Therefore, eNB can efficiently multiplex sTTI and TTI operating in CRS-based transmission modes using Type 2 distributed VRB with 2OS subframe pattern not preserving the slot boundary. On the other side, scheduling the sTTI in DMRS modes on the hopping sTTI band results into existence of an orphan symbol, which is undesirable from DMRS overhead point of view.  
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Figure 1 sTTI band resource allocation using Type 2 with distributed VRB (DL structure alt. 2-2)
Operation of slot-based sTTI operation together with 2 OS sTTI 
The support of 2OS sTTI and/or slot based sTTI will be a UE capability. Therefore, eNB might schedule 2OS, slot-based and 1ms TTIs in a single subframe. Given the set of active UEs in the cell, eNB will share the available BW between legacy UEs and sTTI UEs, resulting into definition of a single DL sTTI band carrying sPDCCH and sPDSCH resources. In the previous meeting, it has been agreed that the sTTI length is RRC configured to a UE and eNB informs UE about frequency resources of sPDCCH, which are allocated from the beginning of the sTTI. 
Figure 2 shows a case where slot-based and 2OS sTTI band is shared with legacy UE. The sPDCCH in the first sTTI of the second slot could carry both 2OS and 7OS grants, could be sTTI length specific or partially overlapping. Nevertheless, it is clear that sPDCCH resources of 2OS sTTI in the following sTTIs (show in Figure 2 as red rectangles) would become a significant overhead to slot-based sTTI, because these 2OS PDCCH resources cannot be reused for slot-based sTTI sPDSCH. Therefore, the eNB should strive to minimize the overlap between 2OS sPDCCH and slot-based sPDSCH (and vice versa), and could always employ puncturing of the slot-based sPDSCH if such an overlap is scheduled. In addition, if overall 2OS sPDCCH resources would be known to a UE receiving slot-based sPDSCH, the UE could take into account the puncturing around the overall 2OS sPDCCH resources, this however resulting into inefficient operation.   
Based on above we observe that preserving the slot-boundary in 2OS subframe structure is beneficial from 2OS and slot based sTTI coexistence point of view. However, we also observe that slot-based sPDSCH and 2OS sTTI sPDSCH should be preferably placed on different sub-bands. Therefore, the data efficiency loss from not using one sTTI (2OS-2 in Figure 1) would be often rare.  
Observation-1: The benefits of preserving the slot-boundary in 2OS subframe structure are not significant.
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Figure 2  2OS and slot-based sTTI sharing the band (DL structure alt. 2-1)
Varying number of shortened DL TTIs within a subframe, and connection of DL pattern to UL pattern
The variable number of PDCCH symbols results in a variable number of DL sTTIs that can carry sPDSCH.  For the sTTI where sPDSCH cannot be transmitted, the phantom sTTIs, no HARQ-ACK is sent. The sPUCCH resources corresponding to phantom sTTI can carry SRs or other UCI instead. Because of SRS in the last UL OS of a subframe, there can be only up to 6 2OS sPUCCH TTIs available. Therefore, DL patterns comprising 7 sTTIs containing sPDSCH in DL (such as alternative 1-3 in [2]) should not be considered.
Observation-2: Existence of a phantom sTTI, i.e. DL sTTI where sPDSCH cannot be transmitted, is not an issue.
Proposal-2: Patterns with 7 DL sTTIs that can contain sPDSCH, such as alternative 1-3, should not be further considered.       

What is more important is that the number of scheduling instances for UL is constant and matches the number of available sTTIs in UL, resulting into one-to-one mapping between scheduling instance and corresponding UL sTTI. 
According to the agreement on UL structure in [1], both options assume 6 UL sTTIs in a subframe. Therefore, DL structure should be able to support 6 UL scheduling instances independently of the value of CFI. All the alternatives in [2] except alternative 1-2 can support always 6 scheduling instances.  
Observation-3: Alternative 1-2 in [2] cannot support 6 independent scheduling instance when CFI=3.
Proposal-3: Number of sPUSCH scheduling instances in the DL subframe should be the same as number of UL sTTIs, and should be independent of CFI value. Alternative 1-2 in [2] should not be further considered. 
The timing relations between DL assignment and HARQ feedback and UL grant to sPUSCH transmission should be taken into account when down-selecting the DL 2OS sTTI subframe structure. Processing of DL sTTI cannot start before the last PDCCH/sPDCCH symbol is received. Therefore, the HARQ/ACK timing should be determined by position of the last sPDCCH/PDCCH OS rather than the end of the sTTI, and should be counted in OS until the first sPUCCH symbol. Therefore, due to the CFI, the variation of processing time by 2OS is unavoidable. The same holds also for sDCI to sPUSCH processing delay shown in an example for DL alternative 2-1 and our preferred UL structure in Figure 3, which contains three 3+3+3 sTTIs in a slot and neighboring sTTIs in the slot overlap by one symbol. The processing time varies between 12-14OS, and additional delay of 1OS may occur due to flexible UL DMRS operation [3]. 
Observation-4: Due to variable PDCCH length, the processing time delay between UL grant and sPUSCH transmission varies by 2OS.
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Figure 3 Variable delay due to CFI
After considering the design aspects of DL 2OS subframe structures, it seems that only patterns 2-1 and 2-2 (without DL frequency hopping) from [2] fulfill the following criteria:
· sTTI does not contain only a single OFDM symbol that can carry sPDSCH.  

Therefore, we have the following proposal:
Proposal-4: Select the alternative 2-2 from [2] as DL 2OS sTTI structure. If slot boundary alignment and/or DL frequency hopping is seen as absolutely necessary, consider selecting alternative 2-1 instead.
3. Summary
Based on the discussion in above, we have the following observations and proposals:

Proposal-1: Do not consider 2OS sTTI patterns, where a sTTI contains only a single OFDM symbol that can carry sPDSCH. 
Observation-1: The benefits of preserving the slot-boundary in 2OS subframe structure are not significant.

Observation-2: Existence of a phantom sTTI, i.e. DL sTTI where sPDSCH cannot be transmitted, is not an issue.

Proposal-2: Patterns with 7 DL sTTIs that can contain sPDSCH, such as alternative 1-3, should not be further considered.       

Observation-3: Alternative 1-2 in [2] cannot support 6 independent scheduling instance when CFI=3.
Proposal-3: Number of sPUSCH scheduling instances in the DL subframe should be the same as number of UL sTTIs, and should be independent of CFI value. Alternative 1-2 in [2] should not be further considered. 

Observation-4: Due to variable PDCCH length, the processing time delay between UL grant and sPUSCH transmission varies by 2OS.

Proposal-4: Select the alternative 2-2 from [2] as DL 2OS sTTI structure. If slot boundary alignment and/or DL frequency hopping is seen as absolutely necessary, consider selecting alternative 2-1 instead.
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