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1 Introduction
In RAN1 #90 meeting, the following agreements on sPDCCH design were made [1]:
Agreement:

· For an RB set configured with more than 1 symbol and the localized sCCE-to-sREG mapping for CRS based sPDCCH, the frequency-first time-second sCCE-to-sREG mapping is adopted. 

· For an RB set configured with more than 1 symbol and the distributed (FFS: on sCCE or sREG level) mapping for CRS based sPDCCH, the frequency-first time-second sCCE-to-sREG mapping is adopted. 

· For an RB set configured with more than 1 symbol and the localized sCCE-to-sREG mapping for DMRS based sPDCCH, the time-first frequency-second sCCE-to-sREG mapping is adopted. 

· For an RB set configured with more than 1 symbol and the distributed (FFS: on sCCE or sREG level) mapping for DMRS based sPDCCH, the time-first frequency-second sCCE-to-sREG mapping is adopted.
· DMRS-based RB set in 3-symbol sTTI spans 3 symbols.
· The sDCI for sTTI#0 is accommodated in:

· 1-slot: in the legacy PDCCH region

· 2/3os: in the legacy PDCCH region 
· In sTTI operation, there is no restriction for RB sets to be fully non-overlapping by specification.
· For the 1-slot sTTI operation, the maximum number of symbols per CRS-based RB set is 2. 
· For employing SFBC in CRS-based sPDCCH, the maximum number of antenna ports is 4. The number of antenna ports is indicated by the PBCH. Handling of orphan RE is FFS.

· #sREGs per sCCE is the same for 2/3os and 1-slot sTTI 
· #sREGs per sCCE is independent of sTTI index in the subframe for CRS based sPDCCH 
· #sREGs per sCCE is for CRS based sPDCCH is 4
· DMRS bundling (if applicable) is supported for DMRS based sPDCCH
· CRS-based sPDCCH is only applied to non-MBSFN subframe.
In RAN1 #87 meeting, the agreements on 2-OS DL sTTI layout structure were made in [2].
This contribution discusses the remaining issues of sPDCCH design for short TTI, including resource determination of sPDCCH, sREG/sCCE structure and two types of sPDCCH. It is a revision of R1-1712323.
2 Resource of sPDCCH in sTTI
2.1 Time domain resource of sPDCCH for 2-OS DL sTTI

In RAN1 #87 meeting, 2-OS DL sTTI layout was agreed as in Figure 1. 
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Figure 1 2-OS DL sTTI layout structure
· For DL sTTI #1-5

It has been agreed in RAN1 #88bis meeting that the number of OFDM symbols per RB set for CRS based sPDCCH for 2/3-symbol sTTI is 1 or 2 configured by higher layer. And there is a FFS about UE capability that whether the HARQ ACK / UL grant timing are dependent on the number of configured symbols for CRS based sPDCCH. In our opinion, if the timing are dependent on the number of configured symbols for CRS based sPDCCH, it seems different sTTI lengths with 2OS or 3OS also need different timings. As a result, HARQ ACK/UL grant timing would be more complex. So it is preferred that the HARQ ACK / UL grant timing are independent on the number of configured symbols for CRS based sPDCCH.
Proposal 1: The HARQ ACK/UL grant timing are independent on the number of configured symbols for CRS based sPDCCH.
2.2 Frequency domain resource of sPDCCH
In RAN1 #89 meeting, it was agreed in RAN1 #89 meeting that a UE can be configured to monitor at most two sPDCCH RB set(s) containing the sTTI USS in an sTTI . Whether more than two can be configured to a UE is FFS. If eNB cannot make sure whether the CSI feedback is accurate or not, two sPDCCH RB sets can be configured with different mapping schemes (localized or distributed). Then up to two sPDCCH RB sets are enough to achieve all mapping possibilities between the two sPDCCH RB sets and the two sREG-to-sCCE schemes. 
Because TTI length is shortened to 2 or 7 symbols, the size of a RB set should be extended. For example, one sPDCCH RB set could contain {8, 16 or 32} PRBs with {4, 8 or 16} sCCEs included when two symbols are used for sPDCCH with 4 sREGs per sCCE. 
In addition, additional signalling (sDCI2) can be an optional to indicate RB subset of RRC configuration in order to reduce blind detection.
Proposal 2: A UE can be configured up to two sPDCCH RB set(s) containing the UE’s user-specific sTTI search space. And the RB set(s) contain more PRBs than in existing specification for EPDCCH. 
3 sREG to sCCE mapping

It was agreed that for an RB set configured with more than one symbol and both the localized sCCE-to-sREG mapping and the distributed mapping for CRS based sPDCCH, the frequency-first time-second sCCE-to-sREG mapping is adopted. While for an RB set configured with more than one symbol and both the localized sCCE-to-sREG mapping and distributed mapping for DMRS based sPDCCH, the time-first frequency-second sCCE-to-sREG mapping is adopted. As stated in email discussion[90-06], we prefer that the distributed mapping is sREG level for both CRS based sPDCCH and DMRS based sPDCCH. 
When sREGs are mapped to sCCE, both localized and distributed schemes can be used. Assuming there are 
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OFDM symbols for sPDCCH, the number of sREG is
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Figure 3 DMRS based sPDCCH with 2 symbols
For DMRS based sPDCCH, the index of sREG #m is numbered from lowest PRB in PRB set X with time first then frequency, where m=0, 1, 2, …, 
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For localized mapping, sREG #m for the sCCE #n fulfils equation 
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For distributed mapping, sREG #m for the sCCE #n fulfils equation 
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=12 PRBs as an example , both localized and distributed mapping in the configured PRB set X are illustrated in Figure 3  

Proposal 3: Distributed mapping with x sREG level in one RB is supported for DMRS based sPDCCH and one sCCE is distributed in x symbols with maximum diversity gain, where x is the number symbols in the RB set for DMRS based sPDCCH.

For CRS based sPDCCH, the index of sREG #m is numbered from lowest PRB in PRB set X with frequency first and time second, where m=0, 1, 2, …, 
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For localized mapping, sREG #m for the sCCE #n fulfils equation 
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For distributed mapping, sREG #m for the sCCE #n fulfils equation 
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=16 PRBs as an example , both localized and distributed mapping in the configured PRB set X are illustrated in Figure 4. 
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Figure 4 CRS based sPDCCH with 2 symbols

Proposal 4：Distributed mapping with sREG level is preferred for CRS based sPDCCH and one sCCE is distributed in only one symbol with maximum diversity gain.

When 
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=1, only CRS-based sPDCCH can be applied. There would be scheduling selection gains from localized mapping and frequency diversity gains from distributed mapping. Both mapping schemes can be supported for 
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When 
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=2, both CRS-based sPDCCH and DMRS-based sPDCCH can be used. For DMRS-based sPDCCH, the two types mapping scheme could be configured for scheduling selection gain or diversity gain. Thus both mapping scheme can be supported for 
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When 
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=3, only DMRS-based sPDCCH can be applied, and both mapping schemes can be also supported for 
[image: image26.wmf]OFDM

N

=3.
4 Multiplexing of DMRS-based sPDCCH and CRS-based sPDCCH

· Whether DMRS-based sPDCCH and CRS-based sPDCCH can be in one sPRB set/search space

In a 2-OS DL sTTI, the two types (DMRS-based or CRS-based) sPDCCH have possibility to be in one sPRB set or overlap partial sPRBs. If the two types of sPDCCH can be in one PRB set/search space, there would be some restrictions e.g., the same number of time domain symbols and same mapping scheme should be used for the two types of sPDCCH. Partial of number of blind detection may be saved since only one type sPDCCH would be configured by a UE. In addition, the resource of DL control channel could be concentratedly used which is convenient for indicating unused sPDCCH. So it is preferable that the two types of sPDCCH can be in one sPRB set/search space, and this could be configured by RRC signaling. 
Proposal 5:  DMRS-based sPDCCH and CRS-based sPDCCH can be in one sPRB set/search space. 
· Whether DMRS-based sPDCCH and CRS-based sPDCCH can be in one sTTI

2-OS DL sTTI layout structure is shown as Figure 6 with OFDM symbols containing CRS are marked an ‘R’. 
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Figure 6 2-OS DL sTTI layout structure

Since different UEs may use different types of sPDCCH, there may be always two types of sPDCCH in a DL sTTI. This would result in very large overhead of RS in some DL sTTI, e.g. about 58.3% overhead of RS in one sPRB with ports 0-3 and ports 7-8 in DL sTTI #3. Meanwhile, DMRS design should avoid conflict with CRS. So a possible scheme is that DMRS-based sPDCCH is not allowed to be transmitted in DL sTTI containing CRS and the UE is not expected to receive it either. For DL sTTI not containing CRS, both two types of sPDCCH can be transmitted. Which type of sPDCCH is used for a UE in a DL sTTI could be configured by eNB.
Proposal 6: A UE is not expected to receive DMRS-based sPDCCH in 2-OS DL sTTI containing CRS.
5 Conclusion

According to the analysis given above, we have the following proposals: 
Proposal 1: The HARQ ACK/UL grant timing are independent on the number of configured symbols for CRS based sPDCCH.
Proposal 2: A UE can be configured up to two sPDCCH RB set(s) containing the UE’s user-specific sTTI search space. And the RB set(s) contain more PRBs than in existing specification for EPDCCH.
Proposal 3: Distributed mapping with x sREG level in one RB is supported for DMRS based sPDCCH and one sCCE is distributed in x symbols with maximum diversity gain, where x is the number symbols in the RB set for DMRS based sPDCCH.
Proposal 4：Distributed mapping with sREG level is preferred for CRS based sPDCCH and one sCCE is distributed in only one symbol with maximum diversity gain.
Proposal 5:  DMRS-based sPDCCH and CRS-based sPDCCH can be in one sPRB set/search space.
Proposal 6: A UE is not expected to receive DMRS-based sPDCCH in 2-OS DL sTTI containing CRS.
6 Reference

[1] 3GPP TSG RAN WG1 Meeting #90, RAN1 Chairman’s Notes.
[2] R1-1613691, Way Forward on 2-OS DL sTTI layout structure, Intel.

































6

_1546494725.unknown

_1567414375.unknown

_1568188817.unknown

_1567421066.unknown

_1546494730.unknown

_1546494733.unknown

_1546582391.unknown

_1546494731.unknown

_1546494726.unknown

_1546494724.unknown

