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1. Backgrounds
Through RAN1 email discussion following RAN1#84bis meeting, the following was agreed on the multi-subframe scheduling for LAA UL.
Agreements:
· MSF(multi-subframe scheduling) DCI at least includes the following information (in addition to previous agreements)
· Scheduled subframes per MSF
· FFS: details of how to decide/indicate scheduled subframes
· common MCS value for all the scheduled subframes
· UL TPC per MSF
· UL TPC applies for all subframes non-cumulatively in both accumulated and absolute modes
· SRS triggering per MSF
· Starting PUSCH DFT-S-OFDM symbol
· FFS for details
· Ending PUSCH DFT-S-OFDM symbol
· FFS for details
· Subframe timing for PUSCH transmission
· FFS for details
· FFS: LBT type (e.g., 25us LBT or Cat4 LBT, CWS, etc.)
· FFS: details of signaling (e.g. joint coding to reduce the number of bits) for the above information

Working assumption:
· For LAA uplink, and for a given PUSCH TM, UE doesn’t need to detect MSF DCIs with different payload sizes for each TM.
· FFS: configurability of maximum number of subframes where a MSF DCI can schedule

· For LAA uplink with single codeword, maximum number of HARQ processes = 16 are supported

· For LAA uplink with two codewords, supportable number of HARQ processes is doubled without introducing explicit HARQ process IDs. The same principles of handling two codewords in DL scheduling are applied for UL scheduling
However, there were more details discussed during the email discussion. In this paper, we summarize the remaining discussions and make some proposals for further progress.
2. Summary of the email discussion and follow-up suggestions
In this section, we summarize the email discussion on multi-subframe scheduling and make suggestions based on that. In the contents, additional information and suggestions are added and highlighted by revision marks.
Direct copy of the material updated during the RAN1 email discussion is provided in the annex of this paper for further information.
2.1. Basic contents of MSF

· Number of scheduled subframes

· Information per MSF

· LG, MediaTek, Nokia, ZTE, DOCOMO, Qualcomm, Huawei, HiSilicon, Intel, KT, CATT, Ericsson,MotM, Samsung, Kyocera, Sequans
· Current discussion status:
· “Scheduled subframes per MSF” was agreed via email.

· There were further discussion on whether “number of” scheduled subframes is indicated or e.g., a bit map for scheduled subframes is indicated. This topic is also related to the aspect of how to interpret the per-subframe information fields in MSF DCI.

· Suggestion:
· Discuss further on how to indicate scheduled subframes in a MSF DCI, including following options.

· option 1) number of scheduled subframes
· option 2) N bit bitmap for a MSF DCI with maximum N schedulable subframes
· HARQp_id (HARQ process identity)

· option 1) indicating HARQp_id for a single subframe and HARQp_ids for other subframes are derived by a given rule

· Nokia, DOCOMO, Panasonic, MotM, Samsung, Sequans
· option 2) indicating HARQp_id per scheduled subframe

· LG, MediaTek, ZTE, Huawei, HiSilicon, Intel, KT, Sharp
· Option 3) Open to both options

· Qualcomm (Choice will depend on the final payload size. Flexibility is good to have as long as payload size is not very large.), CATT, Ericsson, Kyocera
· Current discussion status:

· no agreement.

· Suggestion:

· Discuss details including option 1) and 2) above

· NDI

· option 1) keeping current NDI definition in LTE (toggling per new TB)

· LG, DOCOMO, Qualcomm, Huawei, HiSilicon, Nokia, Intel, KT, ZTE, Panasonic, Sharp, CATT, Ericsson, MotM, Samsung, Kyocera, Sequans
· option 2) NDI value ‘1’ indicates initial transmission of a TB and value ‘0’ indicates retransmission of a TB

· MediaTek, Samsung
· Note) Signaling NDI value “per scheduled subframe” was already agreed
· Samsung: The agreement to signal the NDI value should be contingent on the overall solution and can be void if not necessary.
· Current discussion status:

· Current agreement of “per-subframe NDI indication” should be kept since there is no majority views in favour of reverting previous agreement
· Existing definition of NDI should be kept since there is no majority view to modify that.

· RV (Redundancy Version)

· option 1) indicating RV value per scheduled subframe

· LG, MediaTek, ZTE, Nokia,Qualcomm, Huawei, HiSilicon, Intel, Sharp, CATT, Ericsson, Kyocera (depend on other aspects), Sequans
· option 2) indicating common RV value for all the scheduled subframes
· Panasonic,MotM, Samsung (choice depends on other aspects)
· option 3) No explicit RV value. UE determines the RV value based on a pre-defined order according to NDI indication.
· DOCOMO, Huawei, HiSilicon, KT, CATT, Samsung (choice depends on other aspects), Kyocera (depend on other aspects)
· Current discussion status:

· no agreement.

· Suggestion:

· Discuss details including option 1), 2) and 3) above

· MCS

· option 1) indicating MCS value per scheduled subframe

· option 2) indicating common MCS value for all the scheduled subframes

· LG, MediaTek, ZTE, Nokia, DOCOMO, Qualcomm/Huawei, HiSilicon (each TB may have a different MCS in case two TBs are scheduled), Intel, KT, Panasonic, Sharp, CATT, Ericsson,MotM, Samsung (same as for Rel-8 TDD UL/DL configuration 0), Kyocera, Sequans
· Current discussion status:

· Option 2 was agreed via email.

· Starting PUSCH DFT-S-OFDM symbol

· Current discussion status:

· Indicating “Starting PUSCH DFT-S-OFDM symbol” was agreed via email.

· Suggestion:

· Discuss further details, related to the channel access discussion
· Ending PUSCH DFT-S-OFDM symbol

· Current discussion status:

· Indicating “Ending PUSCH DFT-S-OFDM symbol” was agreed via email.

· Suggestion:

· Discuss further details, related to the channel access discussion

· Subframe timing for PUSCH transmission

· Current discussion status:

· Indicating “Subframe timing for PUSCH transmission” was agreed via email.
· Most companies seem to support LG and Samsung’s view

· Suggestion:

· “Subframe timing for PUSCH transmission” in MSF DCI indicates only the first scheduled subframe timing and the timing of the other scheduled subframes are derived by an implicit rule (e.g. consecutive subframes)
· UL TPC

· Current discussion status:

· Details were agreed via email.

· SRS triggering

· Current discussion status:

· “SRS triggering per MSF” was agreed via email.

· There seem to be different views on on which subframe the triggered SRS is transmitted.
· Suggestion:
· Discuss the following options

· option 1) triggered SRS is transmitted in a fixed subframe among scheduled subframe (e.g., first scheduled subframe or last scheduled subframe)

· option 2) triggered SRS is transmitted in all the scheduled subframes

· option 3) subframe for SRS transmission is dynamically indicated by MSF DCI
· Any other fields need to be discussed in this email?
· Current discussion status:

· “CSI request per MSF DCI” was suggested by MDT

· Suggestion

· CSI request is indicated per MSF DCI
· FFS for details
· LBT Type (Also discussed in LBT discussion)

· Current discussion status:

· no agreement

· Suggestion:

· Discuss further, related to the channel access discussion

· Details for signaling

· LG: joint coding of number of scheduled subframes + HARQp_ids to reduce required number of bits
· MediaTek: joint coding of number of scheduled subframes + HARQp_ids + NDIs + RVs + MCSs to reduce required number of bits. This is applicable only when current definition of NDI is changed as in NDI option 2 above.
· Current discussion status:

· no agreement

· Suggestion:

· Discuss further on the DCI overhead reduction including the following options, considering overall overheads of MSF DCI
· joint coding of number of scheduled subframes + HARQp_ids to reduce required number of bits
· joint coding of number of scheduled subframes + HARQp_ids + NDIs + RVs + MCSs to reduce required number of bits.
2.2. Maximum number of scheduled subframes supported by MSF
Considering the online/offline discussion, the following is proposed for further discussion.

Proposal:
· For LAA uplink, DCI overhead for an MSF DCI is fixed for N subfame scheduling, where N is configurable by RRC

· N value range is N_min~N_max

· Current discussion status:

· Configurability of N is FFS
· Most companies seemed supportive or ok with the proposal (* Sequans also accepted configurable N value after some discussion)
· Samsung objected to the proposal
· If N is configurable, N_min and N_max is FFS
· Value of N_min:
· N_min=1: ZTE, Nokia, MTK, Huawei, HiSilicon, Intel, KT, Panasonic, CATT, Kyocera, Sequans
· N_min=2: LG, Qualcomm
· FFS between 1 and 2: Ericsson, MotM
· Value of N_max:

· N_max=4: LG, ZTE, Nokia, Qualcomm, KT, Panasonic, Ericsson
· N_max=5: MTK, Sequans
· N_max=5 given that max MCOT=10: Intel
· N_max= max MCOT: DOCOMO, MotM
· FFS: Huawei, HiSilicon, CATT, Kyocera
· Suggestion:

· Agree with the following as working assumption.

· For LAA uplink, DCI overhead for an MSF DCI is fixed for N subfame scheduling, where N is configurable by RRC

· N value range is N_min~N_max

· Value of N_min: FFS between 1 and 2

· Value of N_max: FFS

2.3. Maximum number HARQ processes
Considering the online/offline discussion, the following is proposed for further discussion.

Proposal:
· For LAA uplink with single codeword, maximum number of HARQ processes = N_harq are supported

· For LAA uplink with two codewords, supportable number of HARQ processes is doubled without introducing explicit HARQ process IDs. The same principles of handling two codewords in DL scheduling are applied for UL scheduling (e.g., codeword enable/disable, codeword swapping, etc.)

· Current discussion status:

· The proposal was agreed as working assumption with some modification via email discussion.
2.4A. Configuration of MSF/SSF

Considering the online/offline discussion, the following is proposed for further discussion.

Proposal:
Option 1:

· Only MSF is used for uplink scheduling in LAA SCell, and eNB should use MSF for the UE even for scheduling a single subframe. eNB may configure a UE with N_max=1 for MSF if it wants to optimize only for the single subframe scheduling.

· UE can detect up to [2] MSF DCI(s) in a subframe

· Note) Another but similar option could be RRC configuration between SSF and MSF. Anyhow, “configured with SSF” may be equivalent with “configured with N_max=1 for MSF” in the effect even though they could be different in the specification description point of view. Therefore, for the moment, we may not need to discuss this approach as another option technically.

Option 2:

· UE can be configured with MSF for UL scheduling. If a UE is configured with MSF, the UE should detect both SSF DCI and MSF DCI for UL scheduling.

· when configured with MSF, UE can detect

· up to [2] SSF DCI(s) in a subframe

· up to [2] MSF DCI(s) in a subframe

· FFS for limitation to the combinations of SSF DCI(s) and MSF DCI(s)

· Note) with option 2, N_min =2 (e.g., not supporting N_min=1) for MSF seems reasonable since eNB can use SSF for scheduling a single subframe.
· Current discussion status:

· Supportive for option 1: ZTE, Nokia (fine with e.g. 3 or 4 MSF), Samsung, MDT, DOCOMO, Huawei, HiSilicon, Intel, KT, Panasonic, CATT, Kyocera, Sequans
· Supportive for option 2: LG, MotM

· Open to both options: Qualcomm, Ericsson
· There were also comments on handling of UL-MIMO scheduling DCI and blind decode reduction

· Suggestion:

· Discuss further on the options 1 and 2 above, including UL-MIMO scheduling DCI and blind decode reduction, considering overall MSF DCI overheads
3. Summary of the further suggestions
Based on the email discussion, the followings are suggested.
· Suggestion 1

· Regarding indication of scheduled subframes in a MSF DCI, discuss details including following options:

· option 1) number of scheduled subframes

· option 2) N bit bitmap for for a MSF DCI with maximum N schedulable subframes
· Suggestion 2

· Regarding indication HARQ process ID of scheduled subframes in a MSF DCI, discuss details including following options:

· option 1) indicating HARQp_id for a single subframe and HARQp_ids for other subframes are derived by a given rule

· option 2) indicating HARQp_id per scheduled subframe
· Suggestion 3

· Regarding indication of RV in a MSF DCI, discuss the following options:

· option 1) indicating RV value per scheduled subframe

· option 2) indicating common RV value for all the scheduled subframes
· Suggestion 4

· Discuss further on the details of indication of Starting PUSCH DFT-S-OFDM symbol and Ending PUSCH DFT-S-OFDM symbol in a MSF DCI, related to the channel access discussion

· Suggestion 5

· “Subframe timing for PUSCH transmission” in MSF DCI indicates only the first scheduled subframe timing and the timing of the other scheduled subframes are derived by an implicit rule (e.g. consecutive subframes)

· Suggestion 6

· Regarding indication of SRS triggering in a MSF DCI, discuss details including following options:

· option 1) triggered SRS is transmitted in a fixed subframe among scheduled subframe (e.g., first scheduled subframe or last scheduled subframe)

· option 2) triggered SRS is transmitted in all the scheduled subframes

· option 3) subframe for SRS transmission is dynamically indicated by MSF DCI

· Suggestion 7

· Discuss further on the necessity and details of indication of LBT type in a MSF DCI, related to the channel access discussion

· Suggestion 8

· CSI request is indicated per MSF DCI

· FFS for details

· Suggestion 9
· Discuss further on the DCI overhead reduction including the following options, considering overall overheads of MSF DCI

· joint coding of number of scheduled subframes + HARQp_ids to reduce required number of bits
· joint coding of number of scheduled subframes + HARQp_ids + NDIs + RVs + MCSs to reduce required number of bits.

· Suggestion10:

· Agree with the following as working assumption.

· For LAA uplink, DCI overhead for an MSF DCI is fixed for N subfame scheduling, where N is configurable by RRC

· N value range is N_min~N_max

· Value of N_min: FFS between 1 and 2

· Value of N_max: FFS

· Suggestion 11
· Regarding detection of MSF/SSF DCIs, discuss the following options

· option 1)
· Only MSF is used for uplink scheduling in LAA SCell, and eNB should use MSF for the UE even for scheduling a single subframe. eNB may configure a UE with N_max=1 for MSF if it wants to optimize only for the single subframe scheduling.

· UE can detect up to [2] MSF DCI(s) in a subframe

· FFS: handling of UL-MIMO scheduling DCI
· FFS: search space allocation

· Note) Another but similar option could be RRC configuration between SSF and MSF. Anyhow, “configured with SSF” may be equivalent with “configured with N_max=1 for MSF” in the effect.

· option 2)
· UE can be configured with MSF for UL scheduling. If a UE is configured with MSF, the UE should detect both SSF DCI and MSF DCI for UL scheduling.

· when configured with MSF, UE can detect

· up to [2] SSF DCI(s) in a subframe

· up to [2] MSF DCI(s) in a subframe

· FFS for limitation to the combinations of SSF DCI(s) and MSF DCI(s)

· FFS: handling of UL-MIMO scheduling DCI

· FFS: search space allocation

· Note) with option 2, N_min =2 (e.g., not supporting N_min=1) for MSF seems reasonable since eNB can use SSF for scheduling a single subframe.
Annex. Copy of the material updated during the email discussion 
4. Basic contents of MSF

· Number of scheduled subframes

· Information per MSF

· LG, MediaTek, Nokia, ZTE, DOCOMO, Qualcomm, Huawei, HiSilicon, Intel, KT, CATT, Ericsson,MotM, Samsung, Kyocera, Sequans
· HARQp_id (HARQ process identity)

· option 1) indicating HARQp_id for a single subframe and HARQp_ids for other subframes are derived by a given rule

· Nokia, DOCOMO, Panasonic, MotM, Samsung, Sequans
· option 2) indicating HARQp_id per scheduled subframe

· LG, MediaTek, ZTE, Huawei, HiSilicon, Intel, KT, Sharp
· Option 3) Open to both options

· Qualcomm (Choice will depend on the final payload size. Flexibility is good to have as long as payload size is not very large.), CATT, Ericsson, Kyocera
· NDI

· option 1) keeping current NDI definition in LTE (toggling per new TB)

· LG, DOCOMO, Qualcomm, Huawei, HiSilicon, Nokia, Intel, KT, ZTE, Panasonic, Sharp, CATT, Ericsson,MotM, Samsung, Kyocera, Sequans
· option 2) NDI value ‘1’ indicates initial transmission of a TB and value ‘0’ indicates retransmission of a TB

· MediaTek, Samsung
· Note) Signaling NDI value “per scheduled subframe” was already agreed
· Samsung: The agreement to signal the NDI value should be contingent on the overall solution and can be void if not necessary.
· RV (Redundancy Version)

· option 1) indicating RV value per scheduled subframe

· LG, MediaTek, ZTE, Nokia,Qualcomm, Huawei, HiSilicon, Intel, Sharp, CATT, Ericsson, Kyocera (depend on other aspects), Sequans
· option 2) indicating common RV value for all the scheduled subframes
· Panasonic,MotM, Samsung (choice depends on other aspects)
· option 3) No explicit RV value. UE determines the RV value based on a pre-defined order according to NDI indication.
· DOCOMO, Huawei, HiSilicon, KT, CATT, Samsung (choice depends on other aspects), Kyocera (depend on other aspects)
· MCS

· option 1) indicating MCS value per scheduled subframe

· option 2) indicating common MCS value for all the scheduled subframes

· LG, MediaTek, ZTE, Nokia, DOCOMO, Qualcomm/Huawei, HiSilicon (each TB may have a different MCS in case two TBs are scheduled), Intel, KT, Panasonic, Sharp, CATT, Ericsson,MotM, Samsung (same as for Rel-8 TDD UL/DL configuration 0), Kyocera, Sequans
· Starting PUSCH DFT-S-OFDM symbol

· ZTE: indication per subframe
· Huawei, HiSilicon, Intel, Ericsson: indication per subframe, if the information is conveyed in UL grants for each subframe, the overhead needs careful consideration.
· Nokia, Qualcomm, Panasonic, MotM, Samsung, Kyocera: FFS (related to LBT discussion)LG, Sharp: This depends on whether we allow scheduling different UL TX bursts by a single MSF DCI or not. So, we need to know detailed LBT operation/parameters such as minimum UL TXOP, etc. to decide on this aspect.
· CATT: Same view as Huawei, Intel.
· Sequans: If I understand correctly, this is related blanked symbol(s) for UL LBT. In that case, indication per subframe should be supported but our understanding this information is common for all UEs so it can be a part of a common DCI. 
· Ending PUSCH DFT-S-OFDM symbol

· ZTE: indication per subframe
· Huawei, HiSilicon, Ericsson: indication per subframe, if the information is conveyed in UL grants for each subframe, the overhead needs careful consideration.
· LG, Panasonic, Sharp, Samsung: This depends on whether we allow scheduling different UL TX bursts by a single MSF DCI or not. So, we need to know detailed LBT operation/parameters such as minimum UL TXOP, etc. to decide on this aspect.Intel: This depends on the use case of blanking the ending symbol. If its usage is mainly for UL to DL switching, then single indication shall be enough, which applies to the ending symbol of the last scheduled UL subframe.
· CATT: Same view as Huawei.
· MotM: FFS
· Sequans: we share the same view as Intel. 
· Subframe timing for PUSCH transmission

· Nokia, Qualcomm, Huawei, HiSilicon,MotM: FFS

· LG, Samsung: Indicating only the first subframe timing and automatic scheduling of consecutive subframes is enough. We don’t see much benefits with flexible timing for each scheduled subframe.
· Nokia: We agree here with LG that the indication for the first scheduled subframe should be sufficient here. We think that enabling different UL timings for different UL subframes should be handled by independent MSF with different subframe timing indications.
On the details here: we think that 3bit signalling could be appropriate there. Taking the N+4 minimum delay into account – the 3bit indication would create a range of [N+4,…,N+11] start indication which should be clearly sufficient also for cross-TxOP scheduling. 

· Intel: We agree with LG. 
· KT: We agree with LG that consecutive subframe scheduling is sufficient. How to indicate the first subframe timing and the number of k(<=N) consecutive subframes(e.g. joint coding vs. separate coding) needs further discussion considering the detailed MSF design.
· ZTE: We also agree with LG.
· Panasonic: Explicitly indicating the first subframe timing should be sufficient for most cases. We think that if there is a gap between UL subframes, an implicit rule could be used to offset the TA for some subframes such that the effective radio gap is as short as possible within the LBT limits.
· CATT: Agree with LG. 
· Ericsson: We are fine with the approach described by LG
· Kyocera: We are fine with LG’s view.
· Sequans: agree with LG. 
· UL TPC

· LG: UL TPC field in UL grant may be removed for LAA SCell. However, if UL TPC field is supported for LAA SCell, single UL TPC field exists per MSF. UL TPC command in a MSF DCI is accumulated only once per MSF DCI in case of TPC accumulation mode. For absolute mode, the single UL TPC command applies every PUSCH transmission scheduled by the MSF DCI.
· Qualcomm: UL TPC is supported. In both accumulated and absolute modes, applies for all subframes non-cumulatively.

· Nokia: Agree with Qualcomm. UL TPC is supported (and we need TPC as multi-user FDM is supported). In both accumulated and absolute modes, the TPC is applied only for the first scheduled UL subframe of the MSF.

· Intel: We agree with Qualcomm as well. We do not see a reason particular to LAA SCells that TPC is not supported.
· ZTE: We agree with Qualcomm. In both accumulated and absolute modes, the TPC command is only applied for the first scheduled UL subframe of the MSF and the value of the power of other scheduled UL subframe of the MSF should be equal to the first scheduled UL subframe of the MSF. This is because for multiple-subframe scheduling, the UE only perform LBT before the first scheduled UL subframe of the MSF and the value of the power is dependent on the threshold of the LBT. So, the value of the power of other scheduled UL subframe of the MSF should be equal to or less than the first scheduled UL subframe of the MSF.
· Panasonic: We share Qualcomm's view.
· Sharp: Agree with Qualcomm.
· CATT: Agree with Qualcomm, UL TPC should be supported. 
· Ericsson: We are fine with Qualcomm’s approach.
· MotM: One TPC adjustment is signalled in the MSF grant. The adjustement is applied as if there is a separate grant for each subframe scheduled by the MSF grant.
· Samsung: Same operation as in Rel-8 for TDD UL/DL configuration 0 (consistent with the above).
· Kyocera: We are fine with Qualcomm’s view.
· Sequans: Agree with Qualcomm.
· SRS triggering

· LG: SRS triggering field exists per MSF. When SRS is triggered, UE transmits the corresponding SRS in a predefined(or configured) subframe(s)
· Qualcomm: SRS triggering is ok. Location of SRS transmission can be indicated by the eNB.

· Nokia: Agree with QC, that some flexibility on the SRS position might be needed (i.e. indicated by the eNB).

· Intel: We agree with Qualcomm.
· ZTE: We also agree with Qualcomm. Multiple candidate subframes of SRS transmission can be indicated by the eNB.
· Panasonic: A single triggering field (1-2 bits) in the MSF DCI should be sufficient.
· Agree with Qualcomm and Nokia that we should consider some flexibility on the SRS transmission.
· CATT: eNB should be able to trigger the SRS by UL grant. Dynamic signalling of the SRS location is nice to have.
· Ericsson: SRS triggering should be done per MSF and the subframe in which it is to be transmitted can be indicated by the eNB. 
· Samsung: Same operation as for Rel-10 TDD UL/DL configuration 0.
· Kyocera: We are fine with Qualcomm’s and Nokia’s views.
· Sequans: Agree with Qualcomm and Nokia, an indicator is needed to indicate the position. 
· Any other fields need to be discussed in this email?
· LBT Type (Also discussed in LBT discussion)

· Ericsson: Whether a 25 us CCA or a Cat. 4 LBT is used for the first subframe can be indicated once per MSF grant. 

· If Cat. 4 LBT is to be used, contention window size (3 bits) can be indicated to the UE (per MSF)
· Details for signaling

· LG: joint coding of number of scheduled subframes + HARQp_ids to reduce required number of bits
· MediaTek: joint coding of number of scheduled subframes + HARQp_ids + NDIs + RVs + MCSs to reduce required number of bits. This is applicable only when current definition of NDI is changed as in NDI option 2 above.
Company inputs:
Note) original options

· Option 1) common field per MSF: {scheduled_SFs, MCS}, field per subframe: {NDI, HARQp_id, RV}

· Option 2) common field per MSF: {scheduled_SFs, HARQp_ids, RV, MCS}, field per subframe: {NDI}

· Option 3) common field per MSF: {combinatorial index of HARQp_ids, MCS}, field per subframe: {NDI, RV}

· Option 4) common field per MSF: {joint coding of HARQp_ids/NDIs/RVs, MCS}
· This option requires to modify the definition of NDI in LTE from “toggling per different TB” to, e.g., “1 for initial transmission and 0 for retransmission” to make linkage between NDI values and RV values
· Option 5) common field per MSF: {scheduled_SFs, MCS,TPC }, field per subframe: {HARQp_id, RV, Start of DFTS-OFDM symbol of PUSCH in a UL subframe, Total OFDM symbol number of PUSCH in a UL subframe}
· LG: Option 3 is our preference. Option 1 may require too much MSF DCI overhead (e.g. 4+5+N*(4+2) bits). Option 2 may induce too much restriction in UL scheduling. That is, same RV and consecutive HARQp_ids will make selective scheduling of initial transmissions and retransmissions very difficult. Therefore, option 3 is our current proposal which we think is well-balanced between DCI overhead and scheduling flexibility. With option 3, eNB picks L HARQp_ids to be scheduled from [16] possible HARQp_ids and signals it via combinatorial index. For example, if we allow MSF DCI which schedules 2~4 subframes, there are 16C2+16C3+16C4 combinatorial indices. With this approach, almost no restriction occurs in scheduling arbitrary HARQp_ids with initial/re-transmissions with a single MSF DCI, and additional field/information for scheduled subfames is not necessary, which reduces required bits for scheduled_SFs and HARQp_ids from e.g. 18 bits to 12 bits.
· ZTE: Option 5 is our preference.
· Nokia: To be quite direct in here, we believe that trying to list each combinatorial option here will not really bring us further. As the listed options here so far show already, that we are mixing the detailed signalling with the needed flexibility on a subframe to subframe bases. If I for example understand the ‘combinatorial’ proposal here by Joon/LGE – this still gives full HARQ-ID flexibility but is still given by a common, larger bitfield in here.
Therefore, it might be better to focus first on the things we might like to have flexibility and then discuss the detailed signalling separately. I guess the same applies with the indication on the number of subframes (total number only log2(N) – or N bit field). As pointed out by Carol/ZTE here, we also need to consider the PUSCH starting symbol in our discussions. Moreover, as we decided to have flexible grant to PUSCH start already agreed we will need to include also some timing delay field/parameter in the grant as well which we will need to discuss here. 
Now to our position here, we have the following proposal:

· No flexibility needed: delay/grant to PUSCH subframe indication, HARQ_ID, MCS, RA, number of subframes N
· Flexibility per subframe needed (signalling details FFS): NDI, RV
· Open (needs further discussions also in terms of LBT): PUSCH starting symbol
· Samsung: We see two basic approaches. One based on Rel-13 and one new approach where the HARQ process number, the RV, and the NDI are directly replicated for each PUSCH transmission (variants can be considered but are not expected to have a meaningful impact – i.e. no impact on the number of blind decoding operations, small impact on DCI size, small impact/reduction in overall flexibility). The trade-offs can be summarized as follows:

· Rel-13 approach: No need for new specifications or marginal modification of the 2-bit bit-map (indicating the scheduled subframes) to a counter to indicate number of consecutive scheduled subframes. No increase in blind decoding operations. Flexibility of eNB scheduler to schedule 1, 2, 3, 4 subframes without DCI overhead penalty when the maximum number of subframes is not scheduled. This is important as the reason for MSF scheduling is to reduce control overhead. This flexibility can be beneficial when it is not preferable to keep the same resource allocation and MCS over many PUSCH transmissions. Also, A-CSI triggering can be more frequent given that only up to 5 A-CSI processes can be reported per instance. Requires that the indexes of HARQ processes be successive – this is a minor restriction and can be avoided by the eNB scheduler when needed (e.g. not schedule 4 PUSCHs with one DCI but use 2 DCIs).

· New approach: It requires 1.5-1.6 times larger DCI size than Rel-13 approach. It requires additional decoding operations. As the DCI BLER should be less than 1% when multiple PUSCHs are scheduled, the larger DCI size will almost always require 8 CCEs resulting to blocking issues there are practically certain when there are more than 1 UL grants or there are also DL assignments for a UE in a subframe. Whenever less than the maximum number of subframes is scheduled, there is useless overhead. Allows for full flexibility of HARQ process number, RV, and NDI. However, similar flexibility can be provided when needed by the Rel-13 approach for similar DCI overhead. For example, using the Rel-13 approach with 2 DCI formats (each providing an independent HARQ process number, RV, and NDI) can offer similar flexibility and overhead for scheduling over 3-4 subframes as the new approach with a single DCI format. 

· Based on the above, there is no need for new specifications (other than using a counter to indicate the number of SFs for MSF scheduling) and the Rel-13 approach remains applicable.

· MTK: 

· our preference is for option 4). Also starting symbol and ending symbol in a subframe should be discussed in LBT topics, it is no clear their signaling is per UE basis at this time.
· DOCOMO: Option 6) is our preference. As NDI per subframe enables flexibility of new transmission and re-transmission combination in MSF, then RV follows the order of 0-2-3-1. That is for new transmission, RV0 is assumed and for re-transmission, it uses the next RV according to the order of 0-2-3-1.     
· Qualcomm: How much flexibility is to be provided is a strong function of the payload size. RAN1 may adopt a top-down approach to this to enable progress. First decide on the maximum number of the subframes (N_max_sf) that can be scheduled using one grant and the maximum number of grants (N_max_grants) that can be sent per subframe. If N_max_sf = 2, then each grant can have a lot of flexibility and limit the number of grants per subframe to N_max_grants = 3 or 4. If N_max_sf = 4, then limit the number of grants per UE per subframe to N_max_grants = 2. Flexible timing indication in the grant means the grants for different UEs can be spread across different DL subframes reducing the scheduling overload on some DL subframes 
· Assuming that DL/UL traffic load at the eNB is skewed towards the DL in most scenarios, we can optimize with this use case in mind. The eNB in this scenario can disable (e.g. based on RRC signalling) monitoring of multi-TTI grants and hence it would be better to have two different DCI sizes for single and multi-TTI grants. 

· Blind decodes: In current LTE specification, when multi-TB scheduling is enabled for the UL, each UE monitors two UL DCI formats DCI Format 0 and DCI Format 4. This should be taken in account when determining the maximum number of blind decodes. For example, if the UE is being scheduled with one TB, then UE monitors only DCI formats 0A and 0B. Similarly, if the UE is being scheduled with more than one TB, then the UE can be configured to monitor more only DCI Formats 4A and 4B. This would in principle limit the number of blind decodes. (Note that other combinations are also feasible to keep a cap on the number of blind decodes)

· Once these decisions, it would be relatively easy to work out whether some fields such as MCS, HARQ, RC etc . should be per subframe or common to all subframe based on the payload considerations. 

· [Huawei, HiSilicon]: For multi-subframe scheduling, our consideration on the corresponding fields is as below:Common to all the subframes (Type A): number of scheduled subframes, MCS, resource allocation

· Individual to each subframe (Type B): HARQ, NDI, RV

RV could either by indicated explicitly for each subframe, or reuse the order of synchronized retransmission, i.e 0-2-3-1. In order to reduce the control overhead, it is possible to jointly encode some of the above fields and we are open for such discussions.

The above information could be conveyed in one DCI format, while another DCI might be needed to trigger the actual PUSCH transmission time due to the uncertainty of channel availability on LAA SCell.

In addition to the information for multi-subframe scheduling, providing starting symbol and ending symbol for each subframe would provide maximum flexibility. However, such information conveyed in UL grants will bring much overhead, e.g, 8 bits assuming 2bits for each subframe while N=4. And given the eNB may not frequently change the multiplexing UEs for every subframe, whether such DCI overhead is worthwhile needs more consideration.  
· Intel

· Although our preference on the categorization of Type A and Type B information is more aligned with that of Huawei, we think that the determination of N needs to be proceeded first. After N is chosen, we can have a clear view on the payload size of the DCI depending on particular categorization of Type A and Type B information and the aggregation level. The discussion on what kind of information can be jointly coded is a second-level detail after we figure out the payload size and aggregation level.
· KT: In our view, the design of MSF should not restrict scheduling flexibility too much to reduce control overhead. Therefore, we think it would be better to make consensus first on classifying  whether a specific information field needs to be configured subframe specifically or not to guarantee minimum scheduling flexibility, rather than directly whether the information field should be Type A or Type B. After that, for the information fields that need to be configured subframe specifically, how to signal those information fields in MSF is to be considered to reduce the payload size of the MSF. 
· Panasonic: We have a concern on adopting an implicit RV determination by NDI. Especially for asynchronous transmissions, an implicit rule would have a major problem in case a DCI is missed by the UE, as the erroneous RV would propagate to all further retransmissions. While a single RV per MSF is not optimal, we think it is acceptable to keep the DCI size limited.
· CATT: In summary, our view on the DCI contents are as the following:
· Common to all the subframes (Type A): number of scheduled subframes, MCS, resource allocation, UL TPC, UL grant to PUSCH timing,
· Individual to each subframe (Type B): NDI

· Nice to have individual signalling to each subframe (depends on the DCI format design, e.g. payload size, impacts on the UE blind decodings, etc): RV, HARQp_id, Starting PUSCH DFT-S-OFDM symbol, Ending PUSCH DFT-S-OFDM symbol, SRS triggering
· Ericsson: We have added some LBT parameters to the discussion. They are the LBT type (25 us vs. Cat. 4) and the contention window size if Cat. 4 is signalled. This has been brought up in the channel access discussion as well. The reason we think the contention window size should be signalled is due to the dependence of the scheduling timing on the contention window size. For instance, if the UE is going to use a contention window size of 512 at some point, there is no use in the eNB scheduling with a 4 ms delay since the UE is guaranteed to not finish its Cat. 4 procedure in the time available. Therefore, it is better for the eNB to manage the contention window size and signal it to the UE. Furthermore, the eNB can adjust contention window sizes without additional delays incurred since it is receiving the UL transmissions and knows when errors have occurred. If the UE were to decide on contention window sizes, there would be an additional delay before the contention window size is adjusted.
· Sequans: our view: 
· Common for all subframes (Type A) of UL Grant: a starting subframe and a number of consecutive subframes scheduled; MCS;UL TPC;

· Individual to each subframe (Type B) of UL Grant: NDI, HARQp_id, RV and optimization should be permitted for joint coding to reduce the overall size

· Common for all UEs: starting PUSCH DFT-S-OFDM symbol, ending PUSCH DFT-S-OFDM symbol and SRS triggering, which can be introduced to a common DCI. 
5. Maximum number of scheduled subframes supported by MSF
Considering the online/offline discussion, the following is proposed for further discussion.

Proposal:
· For LAA uplink, DCI overhead for an MSF DCI is fixed for N subfame scheduling, where N is configurable by RRC

· N value range is N_min~N_max

Company inputs:
· LG: supports above with N_min=2, N_max=5
· ZTE: supports N_min=1, N_max=4. It can flexibly support SSF and MSF.
· Nokia: We have the same opinion here with ZTE on the N_min=1 and N_max=4. 
From our perspective, the reason for needing N_min=1 comes from the reconfiguration fact – if you have first configured a UE for MSF with N>1 there needs to be some procedure to configure it back to SSF. This is needed as in our proposal (see below in Sec. 4) the UE would not need to monitor for the same baseline operation ([0] or [4]) more than one DCI format in order to keep the number of blind decodes somehow under control. 

· Samsung: The same DCI format can dynamically indicate scheduling over one, two, three, or four subframes. No need to configure N.

· MTK: M_min=1, and M_max=5, the same format can support single subframe scheduling and multiple subframe scheduling
· DOCOMO: N_min = 1, N_max = max MCOT of UL. As MSF should not excluded the case that one UL grant for UL transmission with duration of MCOT which initiated by Cat.4 LBT at UE.   
· Qualcomm: N_min = 2, N_max = 4. Please see our response to Question 1 for further details. 

· Huawei, HiSilicon: N_min=1, the value of N_max should be jointly considered with DCI overhead and typical MCOT duration.

· Intel: N_min = 1, and N_max = 5. N_min = 1 to allow MSF to also include SSF and reduce UE BD complexity by not separately monitoring SSF format. N_max = 5 given that maximum MCOT of 10 ms can be covered with 2 grants. 
· KT: N_min=1, N_max=4.
· Panasonic: N_min=1 and N_max=4, we don't see a strong need to further configure N within those limits.
· CATT: N_min=1, open to the value of N_max considering the signalling overhead and the MCOT
· Ericsson: N_min=1 or 2 depends on the discussion on blind decodes versus decoding multiple DCI messages. Ideally, an N_max of 7 would be useful to support purely from an MCOT point of view, but considering the dependence of overhead on N_max, it is better to use a lower value such as 4 and just use multiple DCI messages when scheduling beyond 4 subframes is needed.
· MotM: Nmax can be large enough to cover the case of scheduling UL for entire TXOP using one MSF grant. Nmin = 1 or 2 depending on final design (please see response to 4A for further clarification).
· Kyocera: N_min = 1, N_max is FFS. After deciding what information should be included for MSF DCI, N_max should be decided.
· Sequans: we agree with Intel to have N_min = 1, and N_max = 5 and on the other side, we also think there is no need to configure N as commented by Samsung. 
6. Maximum number HARQ processes
Considering the online/offline discussion, the following is proposed for further discussion.

Proposal:
· For LAA uplink with single codeword, maximum number of HARQ processes = N_harq are supported

· For LAA uplink with two codewords, supportable number of HARQ processes is doubled without introducing explicit HARQ process IDs. The same principles of handling two codewords in DL scheduling are applied for UL scheduling (e.g., codeword enable/disable, codeword swapping, etc.)

Company inputs:
· LG: supports above with N_harq=16
· ZTE: supports N_harq=16
· Nokia: we are fine with 16 HARQ processes

· Samsung: OK for 16 HARQ processes

· MTK: OK with 16 HARQ processes
· DOCOMO: we are fine with 16 HARQ processes
· Qualcomm,MotM: We are ok with 16 HARQ processes. Handling for UL with two codewords would be the same as is done in the current LTE specification. 

· Huawei, HiSilicon: the current FDD supports N_harq=8 and the corresponding HARQ MAC buffer might be doubled if N_harp=16. However MAC buffer is not a bottleneck and thus we are OK with 16 HARQ processes.

· Intel: 16 HARQ processes.
· KT: We are ok with 16 HARQ processes.

· Panasonic: N_harq=16 is fine for us.
· CATT: Don’t have strong view but can someone explain the reason behind the number 16?
· Ericsson: We are fine with 16.
· Sequans: 16 is fine. 
4A. Configuration of MSF/SSF

Considering the online/offline discussion, the following is proposed for further discussion.

Proposal:
Option 1:

· Only MSF is used for uplink scheduling in LAA SCell, and eNB should use MSF for the UE even for scheduling a single subframe. eNB may configure a UE with N_max=1 for MSF if it wants to optimize only for the single subframe scheduling.

· UE can detect up to [2] MSF DCI(s) in a subframe

· Note) Another but similar option could be RRC configuration between SSF and MSF. Anyhow, “configured with SSF” may be equivalent with “configured with N_max=1 for MSF” in the effect even though they could be different in the specification description point of view. Therefore, for the moment, we may not need to discuss this approach as another option technically.

Option 2:

· UE can be configured with MSF for UL scheduling. If a UE is configured with MSF, the UE should detect both SSF DCI and MSF DCI for UL scheduling.

· when configured with MSF, UE can detect

· up to [2] SSF DCI(s) in a subframe

· up to [2] MSF DCI(s) in a subframe

· FFS for limitation to the combinations of SSF DCI(s) and MSF DCI(s)

· Note) with option 2, N_min =2 (e.g., not supporting N_min=1) for MSF seems reasonable since eNB can use SSF for scheduling a single subframe.
Company inputs:
· LG: prefers option 2.

· ZTE: prefers option 1

· Nokia: prefers option 1.Note that if fine for UE/chipset manufacturers we could be fine with having a larger number of grants of a single size/type as QC seems to indicate. This could give the eNB more flexibility in scheduling – so we would be fine also with e.g. 3 or 4 MSF.
· [Samsung: prefers option 1]

· [MediaTek: prefers option 1]

· [DOCOMO: prefers option 1]

· [Qualcomm; open to both options]

· [Huawei, HiSilicon: prefers option 1]
· Intel: prefers option 1. 
· KT: prefers option 1
· Panasonic: Prefer Option 1
· CATT: prefer option 1.

· Ericsson: Open to both options.
· MotM: Option 2. 
Note: With regard to BDs, we expect the following: 16BDs for DL TM specific DCI format  + 16BDs for DCI 1A/0 + 16BDs for new ‘UL enhanced DCI’. DCI0 will be different for LAA Scells compared to DCI0 for regular Scells. Size of DCI1A and DCI0 is made same via padding bits. However, we should strive to keep the overall size same as Rel13 DCI1A. ‘UL enhanced DCI’ covers the MSF and other enhancements.
· Kyocera: Prefer option1.
· Sequans: Option1 is preferred. 
7. DCI formats for UL scheduling in eLAA

Considering the online/offline discussion, the following is proposed for further discussion.

Proposal:

· Option 1) Same DCI size between SSF and MSF (no separate PDCCH BD for MSF detection)

· Option 2) Introducing MSF whose DCI size is different from SSF (separate PDCCH BD for SSF detection and MSF detection)

Company inputs:
· LG: prefers option 2) since MSF design with option 1) cannot guarantee enough scheduling flexibility with MSF. Increase in PDCCH BD (compared with existing 16 times BD for single codeword DCI for uplink) can be minimized or not necessary if the number of PDCCH search spaces are reduced and allocated between SSF and MSF appropriately.
· ZTE: prefers option 2.
· Nokia: Option1. We have the N configurable, we think that the additional overhead should not be the issue. If a MSF with N=1 is to be regarded as SSF or MSF, is of course more of a philosophical question in here.
Maybe a question to Option 2 supporters in here – how many blind decodes is the UE requested to do in the end (as it seems that with the current Option 2 description means the UE would need to monitor for both SSF and MSF)? If we go for Option 2, the number of blind decodes for UL operation would automatically double as the UE will need to look for two different DCI sizes even for non-MMO (i.e. what in legacy would be DCI format 0). In case of UL-MIMO (DCI format 0 and DCI format 4), the UE according to Option 2 would need to do for each USS candidate 4 BDs!! If a MSF with N=1 is to be regarded as SSF or MSF, is of course more of a philosophical question in here.
Therefore, slightly unclear to us if we discuss here actually the size of the grant and/or if we mix this with the need to monitor SSF and MSF (if different size) at the same time. 

· Samsung: Option 1 (reasons previously explained).

· MTK: Option 1 is preferred.
· DOCOMO: prefer option 1. Not to increase the blind decoding complexity.   
· Qualcomm: Prefer Option 2. Please see response to Question 1 on how to control the blind decoding complexity. 

· Huawei, HiSilicon: option1 is preferred.

· Intel: Option 2 and we assume that UE only monitors MSF.
· KT: Option 2 is preferred.
· Panasonic: Option 1 is preferred.
· CATT: prefer option 1
· Ericsson: Open to both options. There is a dependence on how the other aspects are decided.
· Kyocera: Open to both options. 
· Sequans: Option1 is preferred. 
8. Support of MSF/SSF combinations

Considering the online/offline discussion, the following is proposed for further discussion.

Proposal:
Option 1:

· A UE can simultaneously receive at least the following DCI combinations in a subframe for UL scheduling which schedules different subframes

· SSF only: up to [1] SSF DCI(s)

· MSF only: up to [2] MSF DCI(s)

· SSF+MSF: up to [1] SSF DCI(s) + up to [1] MSF DCI(s)

· Note) PDCCH BD reduction should be introduced when MSF is configured for a UE

Option 2:

· A UE can be configured by mode of SSF or MSF and receive at least the following DCI combinations in a subframe for UL scheduling which schedules different subframes

· SSF only: up to [1] SSF DCI(s)

· MSF only: up to [2] MSF DCI(s)
Option 3:

· A UE shall be able to receive 2 UL grants for an LAA SCell within a subframe. The UE is not requested to monitor for a single DCI size for a single UL TM (i.e. TM1/TM2). 
· SSF only: up to [2] SSF DCI(s)

· MSF only: up to [2] MSF DCI(s)
Company inputs:
· LG: supports option 1.
· ZTE: support option 2, which can reduce the complexity of BD. However, we are also supportive of option 3.
· Nokia: As noted in 4, we don’t think that we need to support SSF and MSF combinations at all as the number of blind decodes is dramatically affected with this behaviour. Therefore, we don’t support this at all!
Another thing that needs to be discussed is, if the eNB can send more than one UL grant in a subframe for a UE (which is not having an effect on the number of BDs!) – but only if the UE should take more than one successfully decoded UL grant as being valid. And here we think that the UE should be able to handle at least 2 LAA UL grants for an LAA SCell within one subframe. 
As it seems Joon is keen on having options here, I add this as Option 3 above. 
· Samsung: No need for options 1 and 2. Option 3 provides a valid functionality.
· MTK: our preference is a single DCI size for single subframe scheduling and multi-subframe scheduling, hence there is no need to put restriction on their partitioning.
· DOCOMO: Supportive of Nokia on “A UE shall be able to receive 2 UL grants for an LAA SCell within a subframe”. Since in section “2. Maximum number of scheduled subframes supported by MSF” above, If N_min = 1 it inherently indicated that SSF could be supported in the DCI design for MSF. Furthermore, the use case of UE monitoring both SSF and MSF is not clear. 
· Qualcomm: Our preference is to limit the total number of grants per subframe per UE not necessarily restrict individual options. 

· Huawei, HiSilicon: our understanding is that multi-subframe scheduling is configured to the UE by higher layer signalling. If the UE is not configured with multi-subframe scheduling, it supports DCI format 0 when configuring in TM1 and DCI format 0/4 in TM2 (legacy); if the UE is configured with multi-subframe scheduling, it supports DCI format 0’ in TM1 and DCI format 0’/4’ in TM2. Note that DCI format 0’ and 4’ could shrink to single subframe scheduling when N=1.  Thus option3 is preferred and the brackets can be removed.

· Intel: This question is subject to other questionnaires above but our preference tends to option 3.
· KT: We agree with Huawei and option 3 is preferred.
· Panasonic: We share Huawei's view and arguments, so option 3 is preferred.
· CATT: similar view as Huawei
· Ericsson: If SSF refers to the legacy DCI formats then it does not have any flexibility on scheduling timing. This limits the usefulness of using two SSF grants. The benefit of the different options depends finally on the resulting DCI sizes for MSF based on the decisions made on other aspects being discussed here.
· Kyocera: No need for option1.
· Sequans: We agree with Huawei and option 3 is preferred.
