[bookmark: OLE_LINK3][bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #87							R1-1612693
Reno, USA 14th - 18th November 2016

Source:	NTT DOCOMO, INC.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Title:	Views on sTTI operation
[bookmark: Source]Agenda Item:	6.2.10.2.1
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
At the RAN1#86bis meeting, following agreements were achieved [1]:
	Agreement:
· Short TTI is not configured with extended CP.

Agreement:
· For 7-symbol TTI, the following sTTI structure is supported for UL:
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Agreement:
· If 4-symbol UL sTTI is supported, the following sTTI structure is adopted:
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Agreement:
· For 2-symbol TTI, RAN1 will down-select UL sTTI structure among the following options:
· Option 1: fixed sTTI structure 
· The data symbol(s) for sPUSCH are confined within a sTTI. Note that the DMRS for one sTTI may be placed within or outside the sTTI.
· Option 1a: without spanning over slot boundary
· The presence (if any) and the position of the UL DMRS is given by the UL grant, 
· If the UL DMRS is present it can be positioned before, within or after the sTTI
· Considered sTTI patterns in OFDM symbols per subframe
· Alt1: (2, 2, 3, 2, 2, 3)
· Alt2: (3, 2, 2, 2, 2, 3)
· Alt3: (3, 2, 2, 3, 2, 2)
· Option 1b: a sTTI can span over slot boundary
· Considered sTTI patterns in OFDM symbols per subframe
· Alt1: (2, 2, 2, 2, 2, 2, 2)
· Option 2: fixed nominal sTTI starting points and a possibility to delay the start of the transmission by N symbols with an indication in the UL grant 
· The presence (if any) and the position of the UL DMRS is given by the UL grant, 
· If the UL DMRS is present it can be positioned before, within or after the sTTI 
· The nominal sTTI starting point is determined by n+k processing time and DL sTTI structure

Conclusions from R1-1610827:
· Aspects to consider when down selecting 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

Agreement:
· The DL sTTI length of a UE is configured by RRC signaling.
· FFS on whether different DL sTTI lengths for a given UE can be configured for different serving cells or not.

Agreement:
· For the combination of sTTI for DL and UL, RAN1 chooses one to be supported among the following alternatives.
· Alt 1. {2,2}, {7,7}
· Alt 2. {2,2}, {2,4}, {7,7}
· Alt 3. {2,2}, {2,7}, {7,7}
· Alt 4. {2,2}, {2,4}, {2,7}, {7,7}
· Note: {a,b} denotes {DL sTTI length, UL sTTI length}.
· Note: DL sTTI length is used for sPDCCH and sPDSCH.
· Note: UL sTTI length is used for sPUSCH and sPUCCH corresponding to sPDCCH and sPDSCH, respectively.
· RAN1 study the necessity of {2,14} and/or {7,14} 



In this contribution, we show our views on remaining details related to the above agreements. More specifically, we discuss 2-symbol sTTI structure in DL and UL, the combination of sTTI length for DL and UL, and sTTI lengths for carrier aggregation operation. 

2. 2-symbol sTTI structure in DL and UL
At the RAN1#86bis meeting, multiple 2-symbol sTTI structures in DL and UL were proposed. The next step is to down select among these patterns. Below, 2-symbol sTTI structure for UL and DL are discussed.
sTTI structure in UL
There are two options for 2-symbol sTTI structure. First is the fixed sTTI pattern and second is flexible sTTI pattern which is determined by the combination of the nominal sTTI starting point and the potential N-symbol delay, where the nominal sTTI starting point is further determined by n+k processing time and DL sTTI structure. 
With option 2, the starting position of 2-symbol sTTI can be any symbol, which is the most flexible. However, such utmost flexibility is unnecessary for FS1 and FS2. Besides, it increases the scheduling and transmission complexity at both eNB side and UE side. For example, it is difficult to align the transmission timing of sPUCCH and sPUSCH for a given UE. Furthermore, since the UL transmission timing becomes not aligned among cells in general, inter-cell interference randomization to the DMRS is no longer enabled. In addition, it is also difficult to handle the coexistence between 2-symbol sTTI and other (s)TTI, e.g. 7-/4-symbol sTTI and 1ms TTI, with intra-subframe frequency hopping on one carrier in the same subframe, from scheduler point of view. Furthermore, for 7-symbol and 4-symbol UL sTTI, fixed structure was agreed at the last meeting. Therefore, it makes sense to have a unified structure method for all UL sTTI length. Based on the above analysis, option 1 that fixed sTTI structure for 2-symbol sTTI is preferred.
To achieve efficient multiplexing between 2-symbol sTTI and other (s)TTI on one carrier, the 2-symbol sTTI structure should be specified such that crossing slot boundary is not allowed. However, there will be left one orphan symbol within each slot. Considering the potential SRS transmission, the orphan symbol should be confined within the last 2-symbol sTTI, which results in a pattern of (2,2,3) for the second slot. For the first slot, both Alt 1 and Alt 2 can be considered and further down selection may depend on the DL sTTI structure.
Proposal 1:
· For 2-symbol sTTI, fixed UL sTTI structure is preferred.
· Either Alt1: (2, 2, 3, 2, 2, 3) or Alt2: (3, 2, 2, 2, 2, 3) is supported. 
· Down select between Alt.1 and Alt.2, depends on the DL 2-symbol sTTI structure.

sTTI structure in DL
Based on the conclusion made at last meeting, following factors need to be considered when down selecting between the 2OS DL sTTI in [2].
· 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.

Firstly, DL 2-symbol sTTI structure spanning across slot boundary should not allowed in order to support efficient multiplexing among 1ms TTI, 1-slot sTTI, and 2-symbol sTTI, application of frequency-hopping for sTTI, and simple timing relationship between DL sTTI and UL sTTI, etc. Therefore, for each slot, one orphan symbol is left. Considering the importance of spectrum efficiency, the orphan symbol should be used for data/control transmission and should belong to neighboring sTTI. 
Secondly, it is preferred that the CSI-RS pattern should be confined within one sTTI for accurate interference measurement and easier handling of rate-matching sPDSCH REs around the CSI-RS REs. Therefore, OFDM symbol #5 and 6; #9 and 10; #12 and 13 should belong to the same sTTI. Then, for the orphan symbol #11, it is desirable to incorporate it into the latter sTTI for two reasons; one is that earlier transmission of sPDCCH can achieve shorter HARQ/scheduling timing, and the other is to have a good match of sTTI pattern between UL and DL. Hence, the optimum 2-symbol sTTI pattern for both DL and UL in second slot becomes (2,2,3).
Next discussion is whether the sTTI pattern in the first slot is impacted by the CFI value. The CFI value may change subframe by subframe. If the sTTI pattern depends on the CFI value, the starting symbols of sTTIs may change from one subframe to the next. This complicates the scheduler decision since the CFI value may need to be determined taking into account preferable sTTI pattern in the subframe. This is not the case if the sTTI pattern does not depend on the CFI value. With the fixed sTTI pattern, when the CFI value is large, e.g., 3, sTTI #0 may not be available. However, this is not critical issue and can easily be resolved by eNB scheduler implementation since sTTI scheduling is asynchronous HARQ. If the sTTI pattern needs to be adaptive to the PDCCH region length, there are three variants exist for both CFI=1 and CFI=2 which increases the difficulty for down selection. For example, if CFI=1, the patterns can be (2,2,3,2,2,3), (2,3,2,2,2,3), (3,2,2,2,2,3). Therefore, fixed DL sTTI pattern regardless of CFI value is preferred. As shown in Fig. 1, both option 1-1 that (3,2,2,2,2,3) and option 1-2 that (2,2,3,2,2,3) can be considered. It is beneficial to have the same start and end position of the sTTI structure for both DL and UL to achieve one to one mapping.

[image: ]           [image: ]
             Option 1-1: (3,2,2,2,2,3)                                             Option 1-2: (2,2,2,2,2,3)
Fig. 1 Fixed 2-symbol sTTI pattern for DL

Proposal 2:
· For 2-symbol sTTI, fixed DL sTTI structure regardless of PCFICH is preferred.
· Either option 1-1: (3, 2, 2, 2, 2, 3) or option 1-2: (2, 2, 3, 2, 2, 3) is supported. 
· Support the same sTTI structure for both DL and UL to achieve one to one mapping.

3. Combinations of sTTI lengths in UL and DL and TTI length switching
Regarding the combination of sTTI for DL and UL, there are four alternatives.
· Alt 1. {2,2}, {7,7};
Alt.1 supports same sTTI length between DL and UL which makes the scheduling and HARQ timing simple. With Alt.1, it is also reasonable to support neither {2,14} or {7,14} since the simplicity is prioritized. In this case, UL sTTI length is implicitly determined by the configuration of DL sTTI length and dynamic switching of different sTTI length is commonly applied to both DL and UL. However, it is not flexible to achieve the tradeoff between the latency and UL coverage/capacity. Besides, use-case of 2-symbol sTTI is highly limited since {2,2} is the only option.
· Alt 2. {2,2}, {2,4}, {7,7};
Alt.2 increases some flexibility to allow different sTTI length between DL and UL. However, it makes no sense to exclude the combination of {2,7} while supporting the combination of {2,4}. Since 4-symbol sTTI in the uplink require specific designs for sPUCCH/sPUSCH, the specification impact of {2,7} is smaller than {2,4}. Furthermore, as long as {2,4} is supported, the additional specification impact of supporting {2,7} and {2,4} would be marginal. 
· Alt 3. {2,2}, {2,7}, {7,7}; 
Alt.3 does not require specifying 4-symbol sTTI for UL. If RRC configures DL sTTI length as 2 symbols, the supported UL sTTI length automatically becomes 2 symbols and 7 symbols; if RRC configures DL sTTI length as 7 symbol, the supported UL sTTI length automatically becomes 7 symbols. In case of 2-symbol DL sTTI, 2-symbol or 7-symbol UL sTTI should be selectable. For example, when the UE receives sPDSCH (or UL grant) at a 2-symbol DL sTTI, if UL capacity and/or coverage is not an issue, then the UE can transmit HARQ-ACK for the DL sTTI (or sPUSCH) at a 2-symbol sTTI; otherwise, UE should transmit HARQ-ACK for the DL sTTI (or sPUSCH) at a 7-symbol sTTI or 1ms TTI, realizing fast HARQ-ACK feedback while keeping UL coverage. 
As analyzed above, for a given DL sTTI length, it is preferred to dynamically switch UL sTTI length to achieve the tradeoff between the latency and UL coverage/capacity.
· Alt 4. {2,2}, {2,4}, {2,7}, {7,7}.
Alt.4 supports the most flexible DL/UL sTTI combinations. As pointed out in a text for Alt.2, if different TTI length between DL and UL is anyway supported, the additional specification efforts to support the combination of {2,4}, {2,14} and {7,14} are expected to be not large. Furthermore, support of 4-symbol UL sTTI is not much difficult compared to 2-symbol UL sTTI. Therefore, we consider {2,4} can also be supported. 
Note that sTTI only for DL (i.e., UL is 1ms TTI) is necessary especially for DL-CA and non-UL-CA, regardless of which alternative will be agreed from the above; by this, sTTI configuration on DL-SCell only is allowed, while otherwise, sTTI shall be configured for all the CCs in case of DL-CA and non-UL-CA, since sTTI on UL-CC only will not be allowed. Therefore, we propose to support combinations of {2,14} and {7,14}.
Note that for any sTTI configurations/combinations, it is essential to support dynamic change of TTI length at least from sTTI to 1ms TTI. sTTI has a significant merit of latency reduction, but from spectral efficiency and coverage point of view, theoretically and fundamentally, sTTI is not comparable to 1ms TTI. Firstly, sTTI cannot support higher order MIMO without overhead increase or performance loss. For example, 8-layer MIMO using existing DMRS cannot be supported by sTTI. Introduction of new DMRS can support 8 layers, but the overhead must be higher than the existing DMRS for 1ms TTI. PRB bundling can reduce DMRS overhead for such higher order MIMO, but in that case, frequency-selective scheduling/precoding gain becomes smaller than 1ms TTI. Secondary, sTTI would highly likely require fast processing for HARQ-ACK feedback and/or UL scheduling and therefore, possible number of CCs for CA configuration may be smaller than that of 1ms TTI case. Thirdly, sTTI requires smaller max TA value, which results in smaller coverage. Lastly, sTTI split the packet into multiple blocks, resulting in coding gain loss. In order to achieve shorter latency, higher peak data rate, and wide coverage, without RRC reconfiguration, dynamic switching of TTI length is an essential function for shortened TTI. Same thing can be said for shortened processing time for 1ms TTI; for guaranteeing coverage, dynamic fallback to legacy processing is necessary. Such dynamic switching/fallback can be realized by either implicit or explicit way. We believe at least common search space should be usable for fallback, and additional switching mechanism is necessary.
Proposal 3:
· For the combination of TTI for DL and UL, 
· Alt 4. {2,2}, {2,4}, {2,7}, {7,7} which can achieve the most flexible operations is supported.
· {2,14} and {7,14} are also supported.
· They are necessary especially for DL-CA with non-UL-CA. 
Proposal 4:
· Dynamic switching of TTI length (at least between configured sTTI and 1ms TTI) is supported.
· At least when the DL/UL data is scheduled by DCI in the common search space, 1ms TTI is scheduled.
· In addition, another mechanism(s) to switch TTI length (not rely on C-SS) is supported.
· For a given DL sTTI length, dynamic switching of different UL (s)TTI length is supported. 
4. sTTI lengths configuration in case of CA 
Although the objectives of the WI prioritize DL CA and UL non-CA operation, the designs of shortened processing time for 1ms TTI and sTTI shall ensure smooth extensions to UL CA, PUCCH on SCell, and dual connectivity operations as well. In the following, we discuss the combination of CA and shortened processing time for 1ms TTI and/or sTTI.  
Regarding the combination of CA and shortened processing time for 1ms TTI, the only restriction is the reduction of the maximum TA to 0.33ms. It is less meaningful to configure shortened processing time for 1ms TTI on DL-CC only. Therefore, in case of CA, it is preferred that the shortened processing time for 1ms TTI is configured for at least one DL-CC and at least one UL-CC. In case of DL CA and UL non-CA, there is only one UL-CC. It is also less meaningful to configure shortened processing time for 1ms TTI on UL-CC only. Therefore, if the shortened processing time is configured for UL non-CA case, all DL-CCs should be also configured with shortened processing time; in case of DL CA and UL CA, to allow flexible scenarios e.g. some carriers with larger TA than other carriers, it would be beneficial to allow configuration of shortened processing time per carrier. 
Regarding the combination of CA and sTTI configuration, regardless of CA configurations, at least per-carrier configuration of sTTI is necessary to ensure both spectral efficiency and latency reduction. Furthermore, in order not to limit UL coverage especially for DL-CA and UL non-CA, sTTI configuration on DL-CC only (i.e., {2,14} and {7,14}) should also be supported as proposed in proposal 3.
Besides, for UL CA, per-carrier configuration of sTTI length is also useful not only for spectral efficiency, but also for coverage, for TA difference and for UCI capacity accommodation. However, for DL CA, motivations to support different sTTI length seem not as strong as those for UL CA case.

Proposal 5:
· In case of CA, shortened processing time for 1ms TTI is configured at least for one DL-CC and at least for one UL-CC.
· For UL-CA, shortened processing time for 1ms TTI is per-CC function.
· For UL non-CA, shortened processing time for 1ms TTI is configured for all DL-CCs. 
Proposal 6:
· In case of CA, shortened TTI is configured for at least for one DL-CC.
· For UL-CA, sTTI lengths of UL-CCs are configured by higher-layer and can be different.
· FFS whether sTTI lengths of each DL-CCs are configured separately and can be different.

5. Conclusion
In this contribution, we discussed frequency-domain aspects of frame structure and proposed the following:
Proposal 1:
· For 2-symbol sTTI, fixed UL sTTI structure is preferred.
· Either Alt1: (2, 2, 3, 2, 2, 3) or Alt2: (3, 2, 2, 2, 2, 3) is supported. 
· Down select between Alt.1 and Alt.2, depends on the DL 2-symbol sTTI structure.
Proposal 2:
· For 2-symbol sTTI, fixed DL sTTI structure regardless of PCFICH is preferred.
· Either option 1-1: (3, 2, 2, 2, 2, 3) or option 1-2: (2, 2, 3, 2, 2, 3) is supported. 
· Support the same sTTI structure for both DL and UL to achieve one to one mapping.
Proposal 3:
· For the combination of TTI for DL and UL, 
· Alt 4. {2,2}, {2,4}, {2,7}, {7,7} which can achieve the most flexible operations is supported.
· {2,14} and {7,14} are also supported.
· They are necessary especially for DL-CA with non-UL-CA. 
Proposal 4:
· Dynamic switching of TTI length (at least between configured sTTI and 1ms TTI) is supported.
· At least when the DL/UL data is scheduled by DCI in the common search space, 1ms TTI is scheduled.
· In addition, another mechanism(s) to switch TTI length (not rely on C-SS) is supported.
· For a given DL sTTI length, dynamic switching of different UL (s)TTI length is supported. 
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