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1 Introduction
In RAN1 #86 meeting, the following agreements on sPDCCH design were made [1]:
Agreement:

· The DL sTTI length of a UE is indicated by eNB

· FFS details of configuration (based on RRC or PDCCH)

· Legacy PDCCH can be used to transmit sDCI (DCI for sPDSCH and/or sPUSCH).

· QPSK is used for sPDCCH.

· Tail biting convolutional coding is used for sPDCCH. 

· For CRS-based sPDCCH, 

· In time domain,

· sPDCCH is transmitted from the first OFDM symbol within an sTTI

· sPDCCH is not mapped to the PDCCH region.

· FFS number of OFDM symbols of the sPDCCH.

· Frequency resource for sPDCCH can be informed by eNB. 
In RAN1 #87 meeting, the agreements on 2-OS DL sTTI layout structure were made [2].
This contribution discusses the sPDCCH design for short TTI, including resource of sPDCCH, sREG/sCCE structure, two types of sPDCCH and sPDCCH search space.
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 #0
If the starting symbol index of the first potential sPDSCH is 2, then DL sTTI Pattern 2 is used and resource of DL sTTI #0 is fully occupied by legacy PDCCH region. There is no sPDSCH need to be scheduled in DL sTTI #0, but sDCI for sPUSCH can be carried by PDCCH in DL sTTI #0. This is similar for DL sTTI Pattern 1 when the starting symbol index of the first potential sPDSCH is 3.
Observation 1：sDCI for sPUSCH scheduling can be transmitted by PDCCH in DL sTTI #0 at least when DL sTTI #0 is fully occupied by legacy PDCCH region.

Given sDCI for sPUSCH scheduling can be carried by PDCCH when the starting symbol index of the first potential sPDSCH is 2 or 3, the same UE behavior should apply when the starting symbol index of the first potential sPDSCH is 1. Because one design philosophy is to keep the same size for DL sDCI and UL sDCI, sDCI for sPDSCH in DL sTTI #0 scheduling can also be carried by PDCCH without introducing noticeable complexity, such as blind detection. On the other hand, if sPDCCH is introduced in sTTI #0 but after PDCCH region, capacity of control channel for sDCI transmission can be increased while resource efficiency for data could be reduced. 
Proposal 1：For 2-OS sTTI, there is no need to introduce sPDCCH in DL sTTI #0; sDCI in DL sTTI #0 is carried by PDCCH. 
· For DL sTTI #1-5

It has been agreed in RAN1 #86 meeting that sPDCCH is transmitted from the first OFDM symbol within a sTTI and FFS number of OFDM symbols of the sPDCCH for CRS-based sPDCCH. For 2-symbol DL sTTI, the first OFDM symbol in sTTI is used for sPDCCH seems enough since maximum control overhead is 50%. However, considering the unused resource of sPDCCH can be used for sPDSCH, sPDCCH could also occupied 2 symbols of the 2-symbol DL sTTI. Using 1 or 2 symbols for CRS-based sPDCCH can be configured by eNB.

For DMRS-based sPDCCH, all symbols of the 2-OS DL sTTI would be occupied by sPDCCH since DMRS would also locate in 2 OFDM symbols, and sPDCCH and sPDSCH are FDMed in a sTTI. Thus 2 symbols in the DL sTTI with 2 symbols or 3 symbols in the DL sTTI with 3 symbols could be used for DMRS-based sPDCCH. Otherwise, if 2 symbols are always used for DMRS-based sPDCCH for all sTTI, there would be orphan symbol left for sPDSCH in sTTI #5 of both Patterns and sTTI #1 of Pattern 2.
Above all, for 2-OS DL sTTI, one or two OFDM symbols could be used for CRS-based sPDCCH and all OFDM symbols would be used for DMRS-based sPDCCH. 
Proposal 2: For 2-OS DL sTTI, one or two OFDM symbols could be used for CRS-based sPDCCH and all OFDM symbols would be used for DMRS-based sPDCCH. 
2.2 Time domain resource of sPDCCH for 1-slot DL sTTI
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Figure 2 1-slot DL sTTI structure
For DL sTTI #0, sDCI can be transmitted by PDCCH and no need for CRS-based sPDCCH introduction. If DMRS-based sPDCCH is introduced after PDCCH region, there would be not obvious gains compared with PDCCH which is similar to comparison between PDCCH and EPDCCH. Capacity of control channel for sDCI transmission can be increased while resource efficiency for data could be reduced. 
Proposal 3: For 1-slot sTTI, there is no need to introduce sPDCCH in DL sTTI #0; sDCI in DL sTTI #0 is carried by PDCCH.
For DL sTTI #1, sDCI can be carried by sPDCCH that is transmitted from the first OFDM symbol of sTTI #1. In order to keep the multiplexing simple between sPDCCH in sTTI #1 of 1-slot sTTI and sPDCCH in sTTI #3 of 2OS sTTI, sPDCCH design (at least the PRB set/search space and resource allocation) for 2-OS DL sTTI and 1-slot DL sTTI should be unified as much as possible, which means resources of sPDCCH in DL sTTI #1 of 1-slot DL sTTI and in DL sTTI #3 of 2OS sTTI need to be aligned in time domain.

Proposal 4: Time domain resource of sPDCCH in DL sTTI #1 of 1-slot DL sTTI is aligned with that in DL sTTI #3 of 2-OS DL sTTI.
2.3 Frequency domain resource of sPDCCHAs agreed in RAN1 #86 meeting, frequency resource for sPDCCH can be informed by eNB. RRC signalling could be considered for such resource indication, like for EPDCCH. Because TTI length is shortened to 2 or 7 symbols, size of PRB set could be extended, for example, one sPDCCH PRB set could contain {6,12 or 24}PRBs. One UE could only detect the sPDCCH in the search space configured for that particular UE. Localized or distributed PRBs set could be configured for scheduling gain or diversity gain. In addition, additional signalling (sDCI2) can be an optional set of information to indicate PRB subset of RRC configuration in order to reduce blind detection.
Proposal 5: Frequency resource for sPDCCH can be configured by RRC signalling with extended PRB set, where the extended PRB set contains more PRBs than in existing specification. 
3 sREG/sCCE structure
3.1 sREG/sCCE definitionsCCE for sPDCCH could be designed like CCE or ECCE, which contains 36 available REs or available REs less than 36REs with ideal total REs are 36.
REG structure could be used to form sCCE for CRS-based sPDCCH, e.g., sCCE contains 9 REGs. The OFDM symbol for sPDCCH transmission may contain CRS or not, it can be similar handled with PDCCH.
For DMRS-based sPDCCH, sCCE could be defined like ECCE. For example, the REs spanning over one RB in frequency domain and one OFDM symbols in time domain can construct one sREG and three sREG’s can be combined for a sCCE with total 36 REs. Available REs may be less than 36 due to existences of DMRS and CRS. It seems that this method could also be suitable for CRS-based sPDCCH with some REs occupied by CRS.
Proposal 6: sREG structure should be uniformly defined for both CRS-based sPDCCH and DMRS-based sPDCCH. One sREG can be defined to include the REs spanning over one RB in frequency domain and one OFDM symbol in time domain.
Considering unified design for sREG/sCCE structure, the second one may be suitable for both CRS-based sPDCCH and DMRS-based sPDCCH. But if available REs are less than 36 because reference signal occupied many REs in one sCCE, it maybe need define the number of sREG for one sCCE depending on the number of reference signal. For example, the number of sREG for one sCCE can be designed in Table 1
Table 1 Number of sREG per sCCE,
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	For sTTI #1,3,5 with CRS exist
	For sTTI #2,4 with CRS not exist

	Number of sREG for one sCCE
	4
	3


Proposal 7: The number of sREG per sCCE could be 3 or 4 for 2OS sTTI, depending on sTTI index.
3.2 sREG to sCCE mapping
When sREGs are mapped to sCCE, both localized and distributed schemes can be used. There are 
[image: image4.wmf]PRB

N
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OFDM symbols for sPDCCH. The number of sREG is
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, and 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 is satisfied
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For distributed mapping, sREG #m for the sCCE #n is satisfied
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Take 
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=3 as an example and shown is Figure 3, either localized or distributed mapping can be used in configured PRB set X, e.g. X=12 PRBs. 

[image: image12.emf]sCCE0sCCE1sCCE2sCCE3

Alt.1 Localized

Alt.2 Distributed

sREG1sREG3

0 1 2 3 4 5 6 7 8 9 1011

1PRB

1 OFDM symbol

sREG0sREG2

sREG0sREG2 sREG8

sREG16

0 1 2 3 4 5 6 7 8 9 1011

1PRB

1 OFDM symbol

sREG1sREG3

t

f

sCCE4sCCE5sCCE6sCCE7


Figure 3 sPDCCH with 2 symbols
When 
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=1, it can be only used for CRS-based sPDCCH. There would be no additional gains from localized mapping while frequency diversity gains could be obtained by distributed mapping. Thus distributed mapping is preferable for 
[image: image14.wmf]OFDM

N

=1.
When 
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=2, it can be used for both CRS-based sPDCCH and DMRS-based sPDCCH. For DMRS-based sPDCCH, the two types mapping scheme could be configured for scheduling selection gain or diversity gain. Thus both types mapping scheme should be supported for 
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When 
[image: image17.wmf]OFDM

N

=3, it can be only used for DMRS-based sPDCCH in sTTI #5 of both Patterns and sTTI #1 of Pattern 2 for 2-OS DL sTTI. And both types mapping scheme should be also supported for 
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Proposal 8：When sREGs are mapped to sCCE, both localized and distributed schemes can be supported, with the selection configured by eNB.
4 Multiplexing two types of sPDCCH

4.1 Whether two types of sPDCCH can be in one sPRB
sPRB is defined as one PRB within all symbols of one sTTI. Since there are two types of sPDCCH which are based on different demodulation reference signal, whether the two types of sPDCCH can be in one sPRB should be studied. Take different number of sREG per sCCE as examples and shown in Figure 4 and Figure 5 respectively with localized mapping. Two different types of sPDCCH with aggregation level one is assumed, where DMRS-based sPDCCH is located in sCCE #0 and CRS-based sPDCCH is located in sCCE #1. If two sPDCCH is FDMed as shown in Figure 5, the resource in one sPRB is only occupied by one sPDCCH and two types of sPDCCH can not be in one sPRB. If two sREG in one sPRB are occupied by two different types of sPDCCH as shown in Figure 4, the DMRS in the sPRB is unaware for CRS-based sPDCCH used by another UE. This would impact on performance of CRS-based sPDCCH. It is preferable that two types of sPDCCH can not be in one sPRB.
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Figure 4 
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Figure 5 
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Proposal 9: Two types of sPDCCH can not be in one sPRB.
4.2 Whether two types of sPDCCH can be in one sPRB set/search space
In a 2-OS DL sTTI, two types sPDCCH have possibility to be in one sPRB set or overlap partial sPRBs. If two types of sPDCCH can be in one PRB set/search space, there are some restrictions that same number of time domain symbols and same mapping scheme should be used for two types of sPDCCH. Partial of number of blind detection may be useless since only one type sPDCCH would be configured by a UE. While resource of DL control channel could be efficient and concentrated used which is convenient for indicating unused sPDCCH. So it is preferable that two types of sPDCCH can be in one sPRB set/search space. And this could be configured by RRC signaling.

Proposal 10: Two types of sPDCCH can be in one sPRB set/search space. 
4.3 Whether two types of 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 UE 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 can’t be transmitted in DL sTTI containing CRS. 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 11: DMRS-based sPDCCH can’t be transmitted in DL sTTI containing CRS. 
5 Search space

5.1 sPDCCH Multiplexing in search space If multiple sPDCCHs can be multiplexed in sPDCCH search space, the blind detection is needed at UE. Another alternative is that one sPDCCH search space contains DL grant for only one UE and different UEs use different sPDCCH search spaces in a sTTI. In this alternative, blind detection is simplified and processing delay can be reduced. However, more resources for non-shared sPDCCH including UL grant need to be predefined and result in low throughput for sTTI. Thus, multiple sPDCCHs should be allowed to share sPDCCH search space.

Proposal 12: Multiple sPDCCHs for different UEs should be allowed to share sPDCCH search space.
5.2 Search space for sTTI UE· Aggregation levels and candidates

Blind detection mechanism for sPDCCH in sTTI is expected similar to legacy PDCCH blind detection. If maximum number of blind detection per sTTI is approximately the same across different sTTI and is equal to that of legacy PDCCH, blind detection complexity would linearly increase with number of sTTIs per subframe, which can result in  a too much high number of detections per 1ms for a UE. The maximum number of blind detections in each sTTI should be reduced in order to limit the total processing delay caused by blind detections. Consequently, the number of candidates and aggregation levels for sTTI UE should be reduced according to length of sTTI. Take UE-specific search space of legacy PDCCH as example, aggregation level 1, 2, 4, 8 CCEs with 16 candidates would bring 32 blind decoding attempts. For two 1-slot sTTIs in one subframe, half candidates could be reserved. For 6 2-OS sTTIs in one subframe, about 3 candidates could be reserved and 1 or 2 aggregation levels could be reserved. If only one DCI size can be used for short TTI, there could be about 6 candidates in one DL sTTI. Different aggregation levels could be used depending on different coverage's or channel conditions, so one or two aggregation level(s) with predefined number of candidates could be configured for UE in order to reduce maximum number of blind detection. For example, 2 aggregation levels are configured with nest structure, such as aggregation level 1 and 2. Low aggregation level has 2 or 4 candidates and high aggregation level has 1 or 2 candidates.
Proposal 13: Number of aggregation levels and candidates in search space for sTTI UE should be limited. Aggregation level(s) could be configurable, e.g. 2 ALs with total 6 candidates in each 2-OS DL sTTI.
It has been agreed in RAN1 #87 meeting that a UE can be dynamically (with a subframe to subframe granularity) scheduled with legacy TTI unicast PDSCH and/or short TTI unicast PDSCH. Then blind decoding attempts of PDCCH and sPDCCH should be both taken into account for processing delay of DL control channel. When a UE is worked in short TTI mode, it has less possibility to transmit the traffic used legacy PDSCH simultaneously. So fewer candidates for PDCCH would be enough for a UE worked in short TTI mode. Meanwhile, in order to reduce processing delay on blind decoding, blind decoding attempts of PDCCH can be also limited. It is benefit for processing the DL sTTI after PDCCH region as soon as possible. Part of legacy PDCCH USS can be indicated by RRC or sDCI 2.
Proposal 14: PDCCH blind decoding attempts should be also limited for a UE in short TTI mode.
5.3 sPDCCH multiplexing with dataIt has been agreed in RAN1 #85 that sPDSCH assigned by a sPDCCH can be mapped to resources that are left unused by any sPDCCH from resource utilization perspective.

· When sPDCCH and sPDSCH are FDMed

In this case, especially for DMRS-based sPDCCH in 2 OFDM symbols sTTI, sPDSCH assigned by a sPDCCH can be mapped to resources that are left unused by any sPDCCH through resource allocation like PDSCH and EPDCCH.
· When sPDCCH and sPDSCH are TDMed & FDMed 
In this case, especially for CRS-based sPDCCH with only one OFDM symbol used, sPDSCH assigned by a sPDCCH can be mapped to resources that are left unused by any sPDCCH through implicit or explicit indication with some restrictions on search space design especially on location of candidates [3][4]. 

If number of candidates of sPDCCH detection in a sTTI is same as that of legacy USS in a subframe, then large overhead in DCI are needed and this would not be accepted with explicit indication. In this case, implicit indication with some restriction on location of candidates seems better.
However, combination analysis on aggregation levels and candidates of sPDCCH search space, there are only several candidates need to detect consideration on total number of blind detection for sTTI UE within a subframe should be restricted. Therefore, unused candidates can be explicit indicated by bitmap with several bits. For example, 2 aggregation levels are configured with nest structure, such as aggregation level 1 and 2. Low aggregation level has 4 candidates and high aggregation level has 2 candidates. 4 bits need to be used for explicit indication by bitmap.
Above all, when sPDCCH and sPDSCH are TDMed & FDMed within 2 OFDM symbols sTTI, unused candidates can be explicit indicated by bitmap is better with no restriction on using candidates order of DL assignment and UL grant when implicit indication used.
Proposal 15: When sPDCCH and sPDSCH are FDMed, sPDSCH assigned by a sPDCCH can be mapped to resources that are left unused by any sPDCCH through resource allocation; otherwise, unused candidates can be explicit indicated by bitmap.
6 Conclusion

According to the analysis given above, we have the following observations and proposals: 
Observation 1：sDCI for sPUSCH scheduling can be transmitted by PDCCH in DL sTTI #0 when DL sTTI #0 is fully occupied by legacy PDCCH region.
Proposal 1：sDCI in DL sTTI #0 can be transmitted by PDCCH and there is no need to introduce sPDCCH in DL sTTI #0 if the starting symbol index of the first potential sPDSCH is 1 for 2-OS DL sTTI.
Proposal 2: For 2-OS DL sTTI, one or two OFDM symbols could be used for CRS-based sPDCCH and all OFDM symbols would be used for DMRS-based sPDCCH. 
Proposal 3: sDCI in DL sTTI #0 can be transmitted by PDCCH for 1-slot DL sTTI.
Proposal 4: Time domain resource of sPDCCH in DL sTTI #1 of 1-slot DL sTTI is aligned with that in DL sTTI #3 of 2-OS DL sTTI.
Proposal 5: Frequency resource for sPDCCH can be configured by RRC signalling with extended PRB set, where the extended PRB set contains more PRBs than in existing specification. 
Proposal 6: sREG structure should be uniformly defined for both CRS-based sPDCCH and DMRS-based sPDCCH. One sREG can be defined to include the REs spanning over one RB in frequency domain and one OFDM symbol in time domain.
Proposal 7: The number of sREG per sCCE could be 3 or 4 for 2OS sTTI, depending on sTTI index.

Proposal 8：When sREGs are mapped to sCCE, both localized and distributed schemes can be supported, with the selection configured by eNB.
Proposal 9: Two types of sPDCCH can not be in one sPRB.
Proposal 10: Two types of sPDCCH can be in one sPRB set/search space.
Proposal 11: DMRS-based sPDCCH can’t be transmitted in DL sTTI containing CRS.
Proposal 12: Multiple sPDCCHs for different UEs should be allowed to share sPDCCH search space.
Proposal 13: Number of aggregation levels and candidates in search space for sTTI UE should be limited. Aggregation level(s) could be configurable, e.g. 2 ALs with total 6 candidates in each 2-OS DL sTTI.
Proposal 14: PDCCH blind decoding attempts should be also limited for a UE with supporting short TTI traffic.

Proposal 15: When sPDCCH and sPDSCH are FDMed, sPDSCH assigned by a sPDCCH can be mapped to resources that are left unused by any sPDCCH through resource allocation; otherwise, unused candidates can be explicit indicated by bitmap.
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