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1 Introduction

In RAN1#86bis, DL sTTI structure for latency reduction is discussed, and following conclusion is made [1].

	Conclusion
· 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 contribution, we continue to discuss DL sTTI structure considering the above aspects.
2 Discussion
2.1 1-slot sTTI
For 1-slot sTTI structure, each slot can compose a sTTI. In other words, sTTI #0 and #1 in a subframe consists of OFDM symbol #0~#6 and #7~#13 respectively. In this case, DL and UL sTTI structures are aligned in terms of sTTI boundary. 
Proposal 1: 1-slot sTTI structure is defined by each slot consisting of 7 OFDM symbols. 
2.2 2-symbol sTTI

In R1-1610827 [2], it is summarized that options for DL sTTI structure considering PDCCH region, slot boundary, and various combination of 3OS sTTI position. Furthermore, in the last meeting, it was agreed that a few aspects to be considered to downselect DL sTTI structure listed in [2]. In this section, we provide our views on aspects to be considered for DL sTTI structure. 
[Slot-based sTTI operation together with 2 symbol sTTI operation]

First of all, in the perspective of eNB, it is possible to multiplex different TTI length in time-domain. For instance, the first slot is allocated for 2OS sTTI operation while the other slot is used for slot-based sTTI operation. In this case, 2OS-sTTI which is across slot boundary will not be scheduled to support sPDSCH transmission for slot-based operation. It is necessary to investigate whether how to handle the case where slot-based sTTI operation together with 2OS sTTI operation: one is to design DL sTTI structure to have sTTI is not across slot boundary, and the other is that scheduler restrict 2OS-sTTI sPDSCH scheduling when sPDCCH/sPDSCH for slot-based sTTI operation is collided with sPDCCH/sPDSCH for 2OS sTTI operation in the same time-frequency resources. Furthermore, as summarized in the last meeting’s conclusion, distributed resource mapping which may change the PRB location in different slot should be also considered in multiplexing between legacy PDSCH and sPDSCH.
Proposal 2: In DL sTTI structure, sTTI does not span across slots. 
[CSI-IM]

Regarding interference measurement, if CSI-IM resources are mapped across multiple sTTI, interference variations across sTTI within a subframe can be estimated. Meanwhile, interference for a certain sTTI within a subframe will be measured if CSI-IM resources are confined in a certain sTTI. Depending on the traffic or interference condition, CSI-IM resources mapped across multiple sTTI could be beneficial. From our perspective, depending on the CSI-IM configuration, it would be manageable whether CSI-IM resources will be placed within a sTTI or across multiple sTTI. Therefore, there is no need to restrict DL sTTI structure to have CSI-RS or CSI-IM resources confined within a sTTI. 

Observation 1: CSI-IM resources mapped across multiple sTTI could be beneficial in the perspective of that interference variations across sTTI within a subframe can be estimated.
Observation 2: Whether CSI-IM resources are confined within a sTTI or across multiple sTTI can be manageable by CSI-IM configuration. 
[Legacy PDCCH region]

Another aspect to be considered for DL sTTI structure is legacy PDCCH region (or CFI). Depending on the CFI value, the first sTTI can be changed in terms of TTI length, and/or the number of symbols for sPDSCH mapping, and/or the number of sTTI in a subframe. If the number of DL sTTI within a subframe is changed based on CFI value, and if the number of the DL sTTI which can conveys UL grant for sPUSCH scheduling is smaller than that of UL sTTI, UL resources cannot be fully utilized. At least, the number of effective DL sTTI within a subframe needs to be the same as the number of UL sTTI. Simply, it can be considered that the TTI length of the first DL sTTI is equal to or more than 3. 

Proposal 3: The TTI length of the first DL sTTI is no less than 3 to keep the number of DL sTTI within a subframe regardless of CFI value. 
If DL sTTI structure can be changed based on CFI value, when PCFICH is not successfully detected, the first few DL sTTI will not be used to avoid ambiguity on CFI value between eNB and UE. In other words, since UE will fail to detect DL assignment and/or UL grant in the some portion of DL sTTI, both DL and UL resources cannot be fully utilized. If DL sTTI structure is fixed regardless of CFI value and the length of the first sTTI is 3, UE can try to monitor sPDCCH in the second sTTI. 

Proposal 4: Considering PCFICH detection error, it can be considered that DL sTTI structure is fixed regardless of CFI value. 
[Orphan symbol sTTI]
In the first DL sTTI, the number of symbols for sPDCCH and/or sPDSCH mapping can be varying depending on the CFI value. According to Options listed in [2], the number of this kind of symbols (so called orphan symbol) is 1 to 3. In our view, considering processing time, even the length of DL sTTI is 3, its maximum TBS will be the same or comparable with the case where the length of DL sTTI is 2. In this section, this maximum TBS for DL sTTI non-overlapping with PDCCH region is indicated by TBS_A. If the number of symbols within a sTTI excluding PDCCH region is 1, its maximum TBS will be no larger than TBS_A, and it is indicated by TBS_B (TBS_B≤TBS_A). Comparing fixed structure and variable structure based on CFI value, we will focus on comparison between Option 1-1 and Option 2-1 as in Figure 1. 
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*Note: transmitting sSPDCCH in sTTIO is not precluded in this case.
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Figure 1: Examples of DL sTTI structure.

These two options have different DL sTTI structure only when CFI is 2. Table 1 compares Option 1-1 and Option 2-1 when CFI is set to 2 in terms of maximum TBS and average waiting time for frame alignment in one-way latency analysis. 

Table 1: Comparison between Option 1-1 and Option 2-1 for CFI=2.

	
	Maximum TBS with no PCFICH error
	Maximum TBS with PCFICH error
	Average waiting time for frame alignment

	Option 1-1
	5*TBS_A+TBS_B
	5*TBS_A
	1.16 symbols

	Option 2-1
	5*TBS_A
	4*TBS_A
	1.4 symbols


According to the analysis, it seems beneficial to transmit sPDSCH even though the number of symbol(s) within sTTI excluding PDCCH region is 1 in terms of maximum TBS and latency. In that point of view, we propose to select fixed DL sTTI structure regardless of CFI value. Considering the above aspects addressed in this contribution, we prefer Option 1-4 (3, 2, 2, 3, 2, 2). 
Proposal 5: DL sTTI structure for latency reduction is fixed regardless of CFI value. 
3 Conclusion 

In this contribution, we discuss about DL sTTI structure. Based on the discussion, we obtained following proposals.
Observation 1: CSI-IM resources mapped across multiple sTTI could be beneficial in the perspective of that interference variations across sTTI within a subframe can be estimated.
Observation 2: Whether CSI-IM resources are confined within a sTTI or across multiple sTTI can be manageable by CSI-IM configuration. 
Proposal 1: 1-slot sTTI structure is defined by each slot consisting of 7 OFDM symbols. 
Proposal 2: In DL sTTI structure, sTTI does not span across slots. 
Proposal 3: The TTI length of the first DL sTTI is no less than 3 to keep the number of DL sTTI within a subframe regardless of CFI value. 
Proposal 4: Considering PCFICH detection error, it can be considered that DL sTTI structure is fixed regardless of CFI value. 
Proposal 5: DL sTTI structure for latency reduction is fixed regardless of CFI value. 
4 Reference
[1] RAN1 chairman’s notes, RAN1#86bis.
[2] R1-1610827, “WF on DL sTTI pattern,” Huawei, HiSilicon, NTT DOCOMO, Intel, Qualcomm, Ericsson, LGE,  Sharp, ZTE, ZTE Microelectronics. 

2/4


