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1 Introduction

In the RAN1#90 meeting, the following agreements on sPDCCH were achieved: 
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. 
Agreement:
· 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.

Agreement:
#sREGs per sCCE is the same for 2/3os and 1-slot sTTI

Agreement:
#sREGs per sCCE is independent of sTTI index in the subframe for CRS based sPDCCH
Agreement:
#sREGs per sCCE is for CRS based sPDCCH is 4

Agreement:
DMRS bundling (if applicable) is supported for DMRS based sPDCCH

The contribution discusses sPDCCH design for short TTI, mainly focuses on sREG numbering, sCCE structure, and sPDCCH RB sets. 

2 sREG numbering

It was agreed that an sREG consists of 1 RB within 1 OFDM symbol including REs for CRS and/or DMRS applied to CRS based sPDCCH and DMRS based sPDCCH. However, how to number sREGs in an sPDCCH RB set needs further study. 
For sPDCCH set 
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Figure 1. sREG numbering

For sPDCCH set 
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 with more than one symbol, there are three options to number sREGs. As discussed in section 3.2, different sREG numbering manner may correspond to different sCCE to sREG mapping manner. 
· Option 1: sREGs within sPDCCH set
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 are numbered in a time-first-frequency-second manner from 0 to 
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· Option 2: sREGs within sPDCCH set
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 are numbered in a frequency-first-time-second manner from 0 to 
[image: image9.wmf]1

sREG

-

m

X

N

, which is shown in Figure 2(b).
· Option 3: sREGs within each symbol of sPDCCH set
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, i.e. REGs in all symbols corresponding to the same RB are with the same sREG index, which is shown in Figure 2(c).
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Figure 2. sREG numbering
For CRS based sPDCCH, since the frequency-first time-second sCCE-to-sREG mapping was agreed, option 2 should be supported which can simplify at least localized mapping definition as detailed in section 3.1.
Proposal 1: For CRS based sPDCCH, sREGs are numbered in a frequency-first time-second manner.

For DMRS based sPDCCH, since the time-first frequency-second sCCE-to-sREG mapping was agreed, option 1 should be supported which can simplify at least localized mapping definition as detailed in section 3.2.3.
Proposal 2: For DMRS based sPDCCH, sREGs are numbered in a time-first frequency-second manner.

3 sCCE structure
An sCCE consists of 
[image: image15.wmf]sCCE

sREG

N

 short resource element groups (sREGs). For CRS based sPDCCH, it was agreed that 
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=4. For DMRS based sPDCCH, it is still FFS which will be discussed in section 3.2.1.
In addition, we will give the detailed definitions of possible sCCE to sREG mappings. Note that sPDCCH set 
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3.1 sCCE to sREG mapping of CRS based sPDCCH

In the RAN1#90 meeting, it was agreed that the frequency-first time-second sCCE-to-sREG mapping is adopted for the localized and distributed sCCE-to-sREG mappings for CRS based sPDCCH. In this section, the mapping definitions are detailed.
· Frequency-first time-second localized mapping

Assuming sREGs numbered in a frequency-first-time-second manner, sCCE number 
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. As shown in Figure 3, an sPDCCH may be placed in only one symbol, which is beneficial for latency and facilitates pipeline operation. 
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Figure 3. Frequency-first localized mapping of sCCE to sREGs 
· Frequency-first time-second distributed mapping

Assuming sREGs numbered in a frequency-first-time-second manner, sCCE number 
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. As shown in Figure 4, more RBs in frequency domain can be configured to achieve higher frequency diversity gain. In addition, an sPDCCH may be placed in only one symbol, which is beneficial for latency and pipeline operation.
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Figure 4. Frequency-first distributed mapping of sCCE to sREGs 
3.2 sCCE to sREG mapping of DMRS based sPDCCH

3.2.1 sCCE size of DMRS based sPDCCH
Since a DMRS based sPDCCH will span to 2 or 3 symbols, it is better that the sCCE size should be a common multiple of 2 and 3. There are three options according to the email:
· Option 1: Number of sREGs per sCCE is 6 for all sTTI indices in the subframe.

· Option 2: Number of sREGs per sCCE is 4 for a 2-symbol sPDCCH and 3 for a 3-symbol sPDCCH.

· Option 3: Number of sREGs per sCCE is 4 for a 2-symbol sPDCCH and 6 for a 3-symbol sPDCCH.

Currently, we slightly prefer option 2 but we are also ok with option 1. Option 1 is simpler considering with only one sCCE size, but in some cases such as with lower DMRS density and good SINR, 1 sCCE of option 1 may include too many REs.
Proposal 3: For DMRS based sPDCCH, an sCCE consists of 
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· 
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=4 or 6 for an sCCE within an sPDCCH set with 2 symbols
· 
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3.2.2 sREG bundling

We slightly prefer that whether to support DMRS bundling can be configured by higher layer signaling. Because if DMRS bundling is applied, it would means that bundling would be performed among multiple consecutive PRBs in frequency domain, then in this case the precoder diversity gain and frequency domain diversity gain cannot be achieved for sPDCCH with lower aggregation level. However, for sPDCCH with higher aggregation level, DMRS bundling could achieve some channel estimation gain. Therefore, it seems that better to support configurability of DMRS bundling.
If DMRS bundling is configured, the size of sPRG for DMRS bundling is equal to the size of sCCE in frequency domain for simplicity (e.g. 2 PRBs for sCCE size of 6). If the sPRG size is too large, then less precoder gain would be achieved.

Proposal 4: For DMRS based sPDCCH, whether enabling DMRS bundling is configured by higher layer.
3.2.3 sCCE to sREG mapping of DMRS based sPDCCH
In the RAN1#90 meeting, it was agreed that the time-first frequency-second sCCE-to-sREG mapping is adopted for the localized and distributed sCCE-to-sREG mappings for CRS based sPDCCH. In this section, the mapping definitions are detailed.
· Time-first frequency-second localized mapping

Assuming sREGs numbered in a time-first-frequency-second manner, sCCE number 
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. As shown in Figure 5, less RBs can be configured to achieve frequency selective scheduling gain. 
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Figure 5. Time-first localized mapping of sCCE to sREGs if 
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· Time-first frequency-second distributed mapping without sREG bundling

Assuming sREGs numbered in a time-first-frequency-second manner, sCCE number 
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Figure 6. Time-first distributed mapping of sCCE to sREGs if
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· Time-first frequency-second distributed mapping with sREG bundling

If sREG bundling is configured, sREGs belonging to an sREG bundle should be contiguous. In this case, an sPDCCH with aggregation level L>1 should include L non-contiguous sCCEs, or else frequency diversity gain cannot be guaranteed. An example is shown in Figure 7.
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Figure 7. Time-first distributed mapping of sCCE to sREGs if
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4 sPDCCH to sCCE mapping
4.1 sPDCCH to sCCE mapping

The eNB can configure any RB for an sPDCCH RB set, so one sPDCCH RB set with localized mapping and another sPDCCH RB set with distributed mapping may be overlapped. Obviously, localized sPDCCH should contain one or multiple continuous localized sCCEs, as shown in Figure 8. Then it seems very important how to map distributed sPDCCH to sCCE to reduce sPDCCH blocking probability between these two overlapped sets. 

There are two possible options for distributed sPDCCH to sCCE mapping:
· Option 1: Distributed sCCEs belonging to a distributed sPDCCH are non-contiguous. Option 1 can provide the highest frequency diversity gain, but meanwhile increase the sPDCCH blocking probability. As shown in Figure 8, a distributed sPDCCH with AL=2 if scheduled can block 8 localized sCCEs.
· Option 2: Distributed sCCEs belonging to a distributed sPDCCH are contiguous. Option 2 can keep the sPDCCH blocking probability at a low level. As shown in Figure 8, a distributed sPDCCH with AL=2 if scheduled will block 4 localized sCCEs. 
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Figure 8. sPDCCH to sCCE mapping
Proposal 5: sCCEs belonging to a distributed sPDCCH are contiguous.
4.2 sPDCCH to RE mapping considering possible AL ambiguity issue

For short TTI, if the occupied sPDCCH resources are indicated explicitly and explicit sPUCCH-A/N resource indication are both supported, ambiguity issue does not exist. Otherwise, how to solve aggregation level (AL) ambiguity issue needs to be considered.

For EPDCCH, AL ambiguity issue is solved by frequency first time second mapping. For sPDCCH in Figure 4, 5, 6 and 7, AL ambiguity issue does not exist by frequency-first-time-second mapping and frequency mapping in ascending order from lowest RB index to highest RB index. However, for sPDCCH in Figure 3, this mapping does not work, so new mapping is needed. Here, we give a simple mapping for study. As shown in Figure 3, a 1-sCCE-AL sPDCCH is mapped to sREG 0, 1, 2 and 3 orderly, but a 2-sCCE-AL sPDCCH is mapped to sREG 0, 4, 1, 5, 2, 6, 3 and 7 orderly, which can avoid sCCE AL ambiguity issue.
5 Discussion on sPDCCH RB set(s) 

In the RAN1#90 meeting, the symbol number of sPDCCH RB set was agreed totally, so only frequency resource of sPDCCH RB set is discussed in this section. In another companion contribution [1], something related to sPDCCH RB set are discussed.
An sPDCCH RB set consists of a set of sCCEs which are numbered from 0 to
[image: image51.wmf]1

sCCE

-

N

. To avoid including unnecessary sREGs which cannot form an sCCE in an sPDCCH RB set, the sPDCCH RB set should include
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 sREGs. If the number of symbol in an sPDCCH RB set is 1, in frequency domain, the number of RBs in the sPDCCH RB set is 
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 is a non-negative integer. If the number of symbols in an sPDCCH RB set is 2, in frequency domain, the number of RBs in the sPDCCH RB set depends on how to map sCCE to sREG. However, for simplicity, the number of RBs in the sPDCCH RB set can also be 
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 is an even number. Considering an sPDCCH RB set should include more than one sPDCCH, it is reasonable to define 
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Proposal 6: The number of RBs per sPDCCH RB set is 
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6 Conclusions
The contribution discusses sPDCCH design for short TTI, mainly focuses on sREG numbering, sCCE structure, and sPDCCH RB sets. We have the following proposals:

Proposal 1: For CRS based sPDCCH, sREGs are numbered in a frequency-first time-second manner.

Proposal 2: For DMRS based sPDCCH, sREGs are numbered in a time-first frequency-second manner.

Proposal 3: For DMRS based sPDCCH, an sCCE consists of 
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· 
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· 
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Proposal 4: For DMRS based sPDCCH, whether enabling DMRS bundling is configured by higher layer.
Proposal 5: sCCEs belonging to a distributed sPDCCH are contiguous.
Proposal 6: The number of RBs per sPDCCH RB set is 
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