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1 Introduction
This paper is a revised version of R1-1718101.
The following agreements were made during the previous meetings:
Agreement:
· In case of switching from 1ms PDSCH scheduled within TTIs n-WDL to n-1(i.e. including all CCs) to an sPDSCH in TTI/subframe n (i.e. including all CCs):
· Whether the UE skips processing PDSCH(s) is up to the UE implementation.
· In case UE skips PDSCH processing, the legacy procedures are applied. If the UE skips decoding, the physical layer indicates to higher layers that the transport block(s) is not successfully decoded.
· The value of WDL is a UE capability with the value range of 0 to k-1, where k is the DL HARQ processing time. The UE indicates a separate capability per DL sTTI length.
· The UE should attempt to skip the processing of as small number of PDSCH(s) as possible.

· In case of switching from the reception of PUSCH grants within TTIs n-WUL to n-1 (i.e. including all CCs) to the sPUSCH grant in TTI/subframe n (i.e. including all CCs):
· Whether the UE skips processing/transmission of PUSCH(s) is up to the UE implementation. 
· As in case of eLAA procedures, also in case of skipping, the UE should request data from higher layers based on the issued PUSCH grant(s)
· The value of WUL is a UE capability with the value range of 0 to k-1, where k is the 1ms TTI UL scheduling time. The UE indicates a separate capability per UL sTTI length.
· The UE should attempt to skip the processing/transmission of as small number of PUSCH(s) as possible.

Agreement:
· Support HARQ process sharing between TTI and sTTI
· The sharing is only possible for asynchronous HARQ processes, i.e. not supported for legacy processing time synchrounous UL HARQ processes
· If configured with sTTI on a CC:
· the HARQ ID field size in the DL assignments of PDSCH on USS for legacy and reduced processing time is the same as for sPDSCH assignments 
· the HARQ ID field size in the UL grants on USS for reduced processing time is the same as for sPUSCH grants
· The re-transmission of a TB with another (s)TTI length is possible if:
· The number of codewords of the HARQ process is not larger than supported by the respective sTTI length
· The TB size of a codeword is not larger than X. X is FFS and may be sTTI length dependent.
· FFS other restrictions
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This paper presents some more details related to the above agreements. 
2	Dynamic Scheduling of 1ms TTI and sTTI
The agreement made in RAN1#90 tackles the issue of dynamic switching from the 1ms TTI to an sTTI only. However, it is agreed that a UE can be configured with the 2-symbol sTTI and 1-slot sTTI in the DL across two PUCCH groups. Likewise, simultaneous transmission of the 2-symbol and 1-slot sTTIs may be supported in the UL and across different PUCCH groups. Hence, in general, the previous agreement should be extended to address the dynamic switching from a longer TTI to a shorter TTI in both DL and UL.
Proposal 1: 
· In case of switching from 1-slot PDSCH scheduled within sTTIs n-WDL to n-1 (i.e. including all CCs) to a 2-symbol sPDSCH in sTTI/slot n (i.e. including all CCs):
· Whether the UE skips processing 1-slot sPDSCH(s) is up to the UE implementation.
· In case UE skips 1-slot sPDSCH processing, the legacy procedures are applied. If the UE skips decoding, the physical layer indicates to higher layers that the transport block(s) is not successfully decoded.
· The value of WDL is a UE capability with the value range of 0 to k-1, where k is the DL HARQ processing time for 1-slot sPDSCH. 
· The UE should attempt to skip the processing of as small number of 1-slot sPDSCH(s) as possible.

· In case of switching from the reception of 1-slot sPUSCH grants within sTTIs n-WUL to n-1 (i.e. including all CCs) to the 2-symbol sPUSCH grant in sTTI/slot n (i.e. including all CCs):
· Whether the UE skips processing/transmission of 1-slot sPUSCH(s) is up to the UE implementation. 
· As in case of eLAA procedures, also in case of skipping, the UE should request data from higher layers based on the issued 1-slot sPUSCH grant(s)
· The value of WUL is a UE capability with the value range of 0 to k-1, where k is the 1-slot TTI UL scheduling time.
· The UE should attempt to skip the processing/transmission of as small number of 1-slot sPUSCH(s) as possible.

3	HARQ Management 
From the previous RAN1 meetings, we have that:
[bookmark: _Hlk498686258]Agreement:
Support HARQ process sharing between TTI and sTTI
· The sharing is only possible for asynchronous HARQ processes, i.e. not supported for legacy processing time synchrounous UL HARQ processes
· If configured with sTTI on a CC:
· the HARQ ID field size in the DL assignments of PDSCH on USS for legacy and reduced processing time is the same as for sPDSCH assignments 
· the HARQ ID field size in the UL grants on USS for reduced processing time is the same as for sPUSCH grants
· The re-transmission of a TB with another (s)TTI length is possible if:
· The number of codewords of the HARQ process is not larger than supported by the respective sTTI length
· The TB size of a codeword is not larger than X. X is FFS and may be sTTI length dependent.
FFS other restrictions

Agreement:
For sPUSCH and sPDSCH, the value in the legacy TBS is scaled according to TBS*α with the resulting TBS rounded off to the closest valid TBS.
- NOTE: The α value can be the same or different for different sTTI lengths and for sPUSCH and sPDSCH
- The TBS scaling is performed assuming the same number of layers within a codeword for PDSCH and sPDSCH.
Agreement:
The DL TBS scaling factor is:
7os: 0.5.
2/3os: 1/6
For the sTTI operation, the rate-matching formula should be revised as follows: For a given UE category, the same  as in the legacy LTE can be used. However, given that the sTTI supports only one CW, the  should be set to 1. 
Proposal 2: In the sTTI rate-matching formula, the same  as in the legacy LTE should be used, and the  should be set to 1.
Next, since the TB size is scaled down in sTTI, it makes sense to scale down the accordingly. The reason for this can be explained as follows: Consider a UE category that supports 256QAM. For this UE, the maximum 1-Layer TB size is 97896. Given the size of , the code rate is about 0.64. For this UE, the soft buffer size is roughly  For the 2-symbol sTTI operation, and under the same UE category, the maximum TBS is  (same number of layers per codeword). Since the size of coded stream is about  (plus CRC and dummy bits), smaller than  then the coding rate can be 1/3, which is better than the legacy operation. However, the downside of not scaling the is twofold: (1) For each 2-symbol HARQ processes, without scaling, the buffer size is about   . However, if the  is scaled proportional to the TBS scaling, then the buffer size needed at the UE is about . Given that both 1ms TTI and sTTI should be supported simultaneously, and the need for overbooking, the impact of the latter approach on the 1ms TTI is less significant. (2) For the legacy operation, the UE has to process  soft channel bits per subframe. In sTTI, and without scaling, the UE has to process, , or equivalently , soft channel bits, which is roughly twice as large as . Hence, the processing burden for sTTI is 2x of that of the legacy operation per 1ms.
Considering the discussion above, we have that:
Proposal 3: For the 2-symbol and 1-slot operations, the  should be scaled by a factor of 1/6 and 1/2, respectively.
When the  is scaled, the special handling is required in case a failed TB has to be re-transmitted via a different TTI. As an example, the first transmission can use the sTTI with soft buffer size of , while the second transmission can use the 1ms TTI with per TB soft buffer size of  In such scenarios, the eNB and the UE should agree upon the rate-matching circular buffer sizing. 
Proposal 4: The rate-matching soft buffer size is determined based on the TTI length of the initial transmission.
Finally, the HARQ buffer should be properly managed across different TTI lengths considering the fact that one TB may be transmitted via different TTI lengths. First, the number of HARQ processes for the sTTI operation is derived according to the processing timing, i.e., 8 HARQ processes for , 12 HARQ processes for , and 16 HARQ processes for  timelines should be considered.
Proposal 5: The number of HARQ processes under the sTTI operation is  when the processing timeline is .
[bookmark: _GoBack]When HARQ process sharing is supported, then the 1ms TTI operation should have the same number of HARQ processes as that of the sTTI operation. The same as the legacy operation, 8 soft buffers can be considered. Also, assuming that  will be scaled proportional to the TB scaling for sTTI, each legacy soft buffer can accommodate two 1-slot soft buffers and 6 2-symbol soft buffers. Let us consider the 2-symbol sTTI operation with n+6 timeline. Assume that a TB with HARQ process ID 11 is sent initially using a 2-symbol sTTI. If the TB fails decoding, the soft channel bits will be stored in soft buffer indexed 11. The same TB may be re-transmitted via a 1ms TTI. In such a case, the new LLRs will be combined with the previous ones, and stored in the sTTI buffer indexed 11 again. As another example, assume that all the legacy buffers are taken. A new TB is sent using a 2-symbol sTTI, and fails decoding. In such a case, the UE should be flushed out one of the legacy buffers in order to be able to store the sTTI LLRs. The selection of the legacy buffer to be flushed out is up to the UE implementation. If there is a free legacy buffer, the stored legacy LLRs associated with other active HARQ processes will not be impacted. 
The dynamic HARQ sharing explained above (1) does not impact the legacy operation if there is no ongoing sTTI traffic, and (2) allows for HARQ sharing across different TTI lengths. 
Proposal 6: The dynamic HARQ management is supported under the sTTI operation.
Proposal 7: If the new TB fails decoding, in case all HARQ buffers are occupied, then the selection of the HARQ buffer for storing soft channel bits is up to UE’s implementation.   
Regarding the additional issues with the HARQ sharing across different TTI lengths, it should be noted that the re-transmission of a TB with another (s) TTI is possible if the TB size of a codeword is no larger than the TB size of the sTTI, i.e., X in the previous agreement should represent the maximum TBS of the sTTI.
Proposal 8: The re-transmission of a TB with another (s) TTI is possible if the TB size of a codeword is no larger than the TB size of the sTTI.
Finally, it should be clarified that based on the previous agreement, only if the number of codewords of a HARQ process was initially 1, it can be re-transmitted using an sTTI.  

Proposal 9: Only if the number of codewords of a HARQ process was initially 1, it can be re-transmitted using an sTTI.  
4	Conclusions 
Proposal 1: 
· In case of switching from 1-slot PDSCH scheduled within sTTIs n-WDL to n-1 (i.e. including all CCs) to a 2-symbol sPDSCH in sTTI/slot n (i.e. including all CCs):
· Whether the UE skips processing 1-slot sPDSCH(s) is up to the UE implementation.
· In case UE skips 1-slot sPDSCH processing, the legacy procedures are applied. If the UE skips decoding, the physical layer indicates to higher layers that the transport block(s) is not successfully decoded.
· The value of WDL is a UE capability with the value range of 0 to k-1, where k is the DL HARQ processing time for 1-slot sPDSCH. 
· The UE should attempt to skip the processing of as small number of 1-slot sPDSCH(s) as possible.

· In case of switching from the reception of 1-slot sPUSCH grants within sTTIs n-WUL to n-1 (i.e. including all CCs) to the 2-symbol sPUSCH grant in sTTI/slot n (i.e. including all CCs):
· Whether the UE skips processing/transmission of 1-slot sPUSCH(s) is up to the UE implementation. 
· As in case of eLAA procedures, also in case of skipping, the UE should request data from higher layers based on the issued 1-slot sPUSCH grant(s)
· The value of WUL is a UE capability with the value range of 0 to k-1, where k is the 1-slot TTI UL scheduling time.
· The UE should attempt to skip the processing/transmission of as small number of 1-slot sPUSCH(s) as possible.

Proposal 2: In the sTTI rate-matching formula, the same  as in the legacy LTE should be used, and the  should be set to 1.
Proposal 3: For the 2-symbol and 1-slot operations, the  should be scaled by a factor of 1/6 and 1/2, respectively.
Proposal 4: The rate-matching soft buffer size is determined based on the TTI length of the initial transmission.
Proposal 5: The number of HARQ processes under the sTTI operation is  when the processing timeline is .
Proposal 6: The dynamic HARQ management is supported under the sTTI operation.
Proposal 7: If the new TB fails decoding, in case all HARQ buffers are occupied, then the selection of the HARQ buffer for storing soft channel bits is up to UE’s implementation.   
Proposal 8: The re-transmission of a TB with another (s) TTI is possible if the TB size of a codeword is no larger than the TB size of the sTTI.
Proposal 9: Only if the number of codewords of a HARQ process was initially 1, it can be re-transmitted using an sTTI.  
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