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Introduction
In RAN1#84, followings were agreed 
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Agreements:
· Following design assumptions are used for the study
· From eNB perspective, existing non-sTTI and sTTI can be FDMed in the same subframe in the same carrier
· FFS: Other multiplexing method(s) with existing non-sTTI for UE supporting latency reduction features
Agreements:
· In this study, following aspects are assumed in RAN1.
· PSS/SSS, PBCH, PCFICH and PRACH, Random access, SIB and Paging procedures are not modified.
· Following aspects are further studied in the next RAN1 meeting
· Note: But the study is not limited to them.
· Design of sPUSCH DM-RS
· Alt.1: DM-RS symbol shared by multiple short-TTIs within the same subframe
· Alt.2: DM-RS contained in each sPUSCH
· [bookmark: _GoBack]HARQ for sPUSCH
· Whether/how to realize asynchronous and/or synchronous HARQ
· sTTI operation for Pcell and/or SCells by (e)CA in addition to non-(e)CA case
In this contribution, we discuss multiplexing between non-sTTI and sTTI UEs.
Discussion
[bookmark: OLE_LINK258][bookmark: OLE_LINK259]Sharing legacy channels between non-sTTI UEs and sTTI UEs
For latency reduction, PSS/SSS, PBCH, PCFICH and PRACH, Random access, SIB and Paging procedures are not modified are assumed in RAN1 in this study.  For DL, PDCCH, CRS, CSI-RS, are also allocated to at least legacy UEs. For UL, SRS is also allocated to at least legacy UEs. In addition, resources for ICIC, D2D and eMTC/NB-IoT would be reserved for legacy UEs. The sTTI capable UE should be able to receive RRC signalling via sTTI and/or sTTI. So,a sTTI UE can be indicated the resource allocation of legacy channels. However, which channels are indicated to sTTI UEs should be studied. In addition, which legacy channels are reused for sTTI UEs should be studied.
Proposal 1: RAN1 should discuss which legacy channel/reference signal should be indicated to sTTI UEs and reused to sTTI UEs 
Our current observations for each legacy channel are follows, 
	No modification is assumed in RAN1#84 in this study.
	No modification
sTTI UEs receive these signals/channels as same as legacy behaviour.  
	Valid subframe indication is useful.
sTTI UE doesn’t need to receive these channels.
	FFS to be supported in sTTI UEs.
Legacy UEs should be able to be allocated.
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Multiplexing and configuration
“From eNB perspective, existing non-sTTI and sTTI can be FDMed in the same subframe in the same carrier” is the design assumption used for the study. 
From UE perspective, for UL, non-sTTI and sTTI should be not multiplexed in the same subframe in the same carrier as it does not make sense to transmit sTTI in case non-sTTI is transmitted. The sTTI transmission will not benefit from latency in that case. In case SIB, paging or other common channels need to be received by sTTI UEs, not apply sTTI is one possibility. When UE has detected DCI in PDCCH for PDSCH, the UE is not required to decode a sPDCCH/sPDSCH in the same subframe. PDCCH is prioritized for decoding. In case sTTI UE is also configured by EPDCCH, CSS in PDCCH is prioritized. It is FFS on the BD order between EPDCCH and sPDCCH which is transmitted in PDSCH region.
So we propose 
Proposal 2: Non-TTI and sTTI should not be multiplexed in the same subframe in the same carrier from UE perspective. When UE has detected DCI for DL data in PDCCH, the UE is not required to decode a sPDCCH/sPDSCH in the same subframe. 

For sTTI UE, sPDCCH regions could be indicated by UE specific RRC signalling like a EPDCCH/MPDCCH configuration. Otherwise BD times may be a concern as UE may have to monitor PDCCH/EPDCCH and sPDCCH in each sTTI in the same subframe. On the other hand, if BD times are not a big problem, it is fine to configure sPDCCH region for each sTTI. There would be several possibilities on search space design,
1) PDCCH only (DCI and sDCI are both transmitted in PDCCH)
2) CSS in PDCCH + USS sPDCCH (DCI is transmitted in PDCCH; sDCI is transmitted in sPDCCH)
3) CSS and USS in PDCCH + USS in sPDCCH
4) CSS PDCCH + USS EPDCCH + USS sPDCCH
Here sPDCCH is transmitted in PDSCH region. 
Proposal 3: RAN1 should discuss search space design to support both non-sTTI and sTTI.

If sPUCCH is introduced for sTTI, sPUCCH regions would be configured by the signalling like a N1_PUCCH. PRBs for sPDSCH and sPUSCH are indicated by sPDCCH. For frequency domain, the resource utilization would be not limited. However in order to reduce DCI bits, RBG type allocation would be supported. The size of RBG might be X times as large as legacy RBG depending on bandwidth or 6PRBs with affinity for eMTC.
Proposal 4: sPUCCH region (if has) could be configured by RRC like N1_PUCCH. 
Proposal 5: RBG definition like which is used for eMTC may be used for sTTI

In order to protect several UL and DL subframes for other purposes (ICIC, CoMP, D2D or eMTC), valid subframe induction to sTTI UE may be considered. It is TDM manner based on a subframe. By so, the effect of latency reduction is limited. However there are several merits. When the valid subframe indication is introduced, the valid DL subframe and valid UL subframe don’t need to be aligned for the timing of sTTI. The timing of sPDCCH to sPUSCH and sPDSCH to sPUCCH can be adjusted without additional indication in DCI. In addition, the false alarm on sPDCCH can be reduced.
Proposal 6: RAN1 should discuss whether valid subframe needs to be introduced for sTTI

For TDD, additional special subframe for sTTI is considered [1]. If additional special subframe is allocated to sTTI UEs, the subframe cannot be allocated to legacy UE simultaneously. In our view MBSFN subframe could be configured as special subframe for sTTI UEs as it has less impact by CRS. And it could introduce more opportunities for uplink of sTTI UEs. When sTTI UE transmits additional UpPTS in DL subframe, eNB cannot transmit DL data in the same subframe to avoid simultaneous transmission and reception [1]. When there is no sTTI transmission in the additional special subframe, this subframe can be allocated for legacy UEs. The scheduling is controlled by eNB.
For special subframe which is supported by legacy UEs, additional UpPTS configurations which allow more UL sTTIs could be configured for sTTI UEs. Some symbols in guard period (GP) may be occupied by sTTI depending on UpPTS configuration. 
Proposal 7: MSBFN subframe could be considered as additional special subframe for sTTI UEs in TDD
Proposal 8: sTTI UE and non-sTTI UE may use different configurations on DwPTS, GP and UpPTS in the same special subframe in TDD; for this purpose, it is useful to define additional special subframe configurations

Fallback to legacy TTI
In our view fallback to nomal TTI might be dynamic. When UE detects DCI masked by C-RNTI/SPS-C-RNTI in CSS or USS in PDCCH, UE can fallback to legacy TTI length. If UE only monitors CSS in PDCCH, dynamic fallback is via CSS in PDCCH. So it depends on search space design. The eNB could dynamically control UE’s fallback behavior just like intra-TM switching. 


Proposal 9: Dynamic fallback to legacy TTI is supported and it is dynamically controlled by eNB by DCI scheduling.

Conclusion
In this contribution, we discussed multiplexing between non-sTTI and sTTI UEs. Based on these discussions, we propose 
Proposal 1: RAN1 should discuss which legacy channel/reference signal should be indicated to sTTI UEs and reused to sTTI UEs 
Proposal 2: Non-TTI and sTTI should not be multiplexed in the same subframe in the same carrier from UE perspective. When UE detect DCI for UE data in PDCCH, the UE is not required to decode a sPDCCH/sPDSCH in the same subframe.
Proposal 3: RAN1 should discuss search space design to support both non-sTTI and sTTI.
Proposal 4: sPUCCH region (if has) could be configured by RRC like N1_PUCCH. 
Proposal 5: RBG definition like which is used for eMTC may be used for sTTI
Proposal 6: RAN1 should discuss whether valid subframe needs to be introduced for sTTI
Proposal 7: MSBFN subframe could be considered as additional special subframe for sTTI UEs in TDD
Proposal 8: sTTI UE and non-sTTI UE may use different configurations on DwPTS, GP and UpPTS in the same special subframe in TDD; for this purpose, it is useful to define additional special subframe configurations
Proposal 9: Dynamic fallback to legacy TTI is supported and it is dynamically controlled by eNB by DCI scheduling.
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