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1 Introduction

In the RAN1#89 meeting, the following agreements and work assumption on sPDCCH were achieved: 
· An sREG consists of 1 RB within 1 OFDM symbol including REs for CRS and/or DMRS applied to CRS based sPDCCH
· A CRS based sPDCCH RB set can be configured to a UE by higher-layer signalling either with distributed or localized mapping of sCCE to sREG

· FFS definition of localized mapping
· A UE can be configured to monitor at most two sPDCCH RB set(s) containing the sTTI USS in an sTTI.

· One sPDCCH candidate is contained within one RB set

· A sPDCCH RB set can be configured with at least the following information:

· A set of RBs 

· EPDCCH PRB allocation is reused

· Transmission scheme (e.g., CRS-based or DMRS-based)

· FFS: Dependent on subframe type

· Localized or distributed sCCE to sREG mapping (at least for CRS, and, if supported DMRS-based sPDCCH)

· FFS: Localized or distributed sPDCCH candidate to sCCE mapping

· Number of sPDCCH candidates/aggregation levels of the RB set

· FFS: Same or different sPDCCH candidates for different sTTI index

· Number of symbols for sPDCCH duration at least in case of CRS-based transmission

· RS scrambling sequence (e.g., VCID) in case of DMRS-based transmission

· FFS: other information (if needed)

· The number of OFDM symbols per RB set for DMRS based sPDCCH for 1-slot sTTI is 2

· The number of OFDM symbols for DMRS based sPDCCH for 2/3-symbol sTTI is

· 2 for 2-symbol sTTI#1,2,3,4

· FFS: 3 for 3-symbol sTTI#1 and #5

· FFS: sTTI#0

· SFBC is supported for CRS-based sPDCCH

· FFS number of antenna ports

· Single port DMRS-based sPDCCH demodulation is supported

· FFS bundling size

· FFS if two port DMRS-based sPDCCH demodulation is supported

· FFS bundling size

In the RAN1#88bis meeting, the following agreements and work assumption on sPDCCH were achieved: 
· An sREG consists of 1 RB within 1 OFDM symbol including REs for CRS and/or DMRS applied to DMRS based sPDCCH

· 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

· FFS: UE capability on:

· The HARQ Ack/UL grant timing dependent on the number of configured symbols for CRS based sPDCCH 

· The number of OFDM symbols per RB set for CRS based sPDCCH for 1-slot sTTI is 1 or 2 configured by higher layer.

· FFS: 3 OFDM symbols

· RAN1 will not pursue CDM-F based DMRS pattern for sPDCCH

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

2 sREG numbering and bundling
2.1 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. 
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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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· Option 2: sREGs within sPDCCH set
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· 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

2.2 sREG bundling

It was agreed that single port DMRS based sPDCCH demodulation is supported but bundling size is FFS. As proposed in section 3.1, a DMRS based sCCE consists of 
[image: image15.wmf]sCCE

sREG

N

 (
[image: image16.wmf]sCCE

sREG

N

=3/6 or 4) sREGs. Therefore, for simplicity, REG bundle size can be 2 consecutive REGs for 
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3 sCCE structure
An sPDCCH is transmitted using L consecutive short control channel elements (sCCEs) where each sCCE consists of multiple short resource element groups (sREGs) and L is the aggregation level.
3.1 sCCE size

An sCCE consists of 
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 sREGs. The sCCE size for sPDCCH could be similar as the CCE size for PDCCH. For the case without any RS (e.g. CRS and/or DMRS) included in these 
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 sREGs, an sCCE consisting of 3 sREGs can achieve the same number of effective REs as that in an CCE for PDCCH, thus 
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=3 should be supported for this case. However, for the case with RS (e.g. CRS and/or DMRS) included in these 
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 sREGs, 3 sREGs may be not sufficient.  As shown in Table B2 and Table B3 of appendix B, when sPDCCH is placed in symbol 0, 4, 7 or 11 where CRS exists, the performance with 
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=4. To achieve similar available REs in each sCCE, the number of sREG for one sCCE can be determined according to the existence of CRS and/or DMRS. For example, 
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 sREGs. However, it is better not to introduce too many values for sCCE size for simplicity.  Higher aggregation level can be used for the case with high CRS and/or DMRS overhead. 
Proposal 1: For CRS based sPDCCH, an sCCE consists of 
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· 
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=4 for an sCCE within an sPDCCH set with any RS (e.g. CRS and DMRS)
· 
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=3 for an sCCE within an sPDCCH set without any RS (e.g. CRS, DMRS)
For DMRS based sPDCCH, CDM-T DMRS pattern is supported according to the agreement in the RAN1#88bis meeting. Therefore, it would be better that the sREGs for one sCCE occupies both symbols for DMRS transmission considering DMRS based demodulation. Therefore, an sCCE should consist of 
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=4) sREGs for the case with 2 OFDM symbols for DMRS based sPDCCH, which could achieve similar number of effective REs as that in a CCE for PDCCH when only DMRS is included in these 
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 sREGs. For the case with CRS and DMRS included in 
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 sREGs, higher aggregation level can be used. If the number of OFDM symbols for DMRS-based sPDCCH could be 3, other value for the number of sREGs in an sCCE could be considered, e.g. 3 or 6 depends on the DMRS density.
Proposal 2: For DMRS based sPDCCH, an sCCE consists of 
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· 
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3.2 sCCE to sREG mapping
In the RAN1#89 meeting, it was agreed that a CRS based sPDCCH RB set can be configured to a UE by higher-layer signalling either with distributed or localized mapping of sCCE to sREG. For DMRS based sPDCCH RB set, distributed mapping should also be supported since distributed sCCE to sREG mapping could provide frequency diversity gain for sPDCCH transmission at least for those cases that accurate CSI feedback is difficult for DMRS based sPDCCH transmission. 

In the following, we will give the detailed definitions of possible sCCE to sREG mappings. Note that sPDCCH set 
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1) Localized mapping of sCCE to sREGs
If only 1 symbol is configured for sPDCCH monitoring, localized mapping of sCCE to sREGs could be achieved by mapping an sCCE to contiguous RBs, as shown in Figure 3. The detailed formula can refer to that of option a, b or c.
[image: image42.emf]   

1  symbol

RB/sREG

sCCE0 sCCE1

0 1 2 3 4 5 6 7 8 9 10 11


Figure 3. Localized mapping of sCCE to sREGs (
[image: image43.wmf]sCCE

sREG

N

=4)
If more than 1 symbol is configured for sPDCCH monitoring, there are three possible options for localized mapping of sCCE to sREGs. 
· Option a: time-first localized mapping

Assuming sREGs numbered in a time-first-frequency-second manner, sCCE number 
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. As shown in Figure 4 and 5, less RBs can be configured to achieve frequency selective scheduling gain, which is better for CDM-T DMRS based sPDCCH. 
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Figure 4. Time-first localized mapping of sCCE to sREGs (
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Figure 5. Time-first localized mapping of sCCE to sREGs (
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· Option b: semi-time-first localized mapping

Assuming sREGs numbered in a time-first-frequency-second manner, sCCE number 
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[image: image53.wmf]m

m

m

m

X

X

X

X

N

N

N

n

N

n

N

j

symb

sCCE

sREG

symb

symb

symb

mod

×

×

ú

ú

û

ú

ê

ê

ë

ê

+

+

×

, where 
[image: image54.wmf]1

,...,

1

,

0

sCCE

sREG

-

=

N

j

and 
[image: image55.wmf]1

,...,

1

,

0

sCCE

-

=

m

X

N

n

. As shown in Figure 6, each sCCE is only placed in one symbol, which is suitable for CRS based sPDCCH.
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Figure 6. Semi-time-first localized mapping of sCCE to sREGs (
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· Option c: frequency-first localized mapping

Assuming sREGs numbered in a frequency-first-time-second manner, sCCE number 
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. As shown in Figure 7, an sPDCCH may be placed in only one symbol, which is beneficial for latency and facilitates pipeline operation. Option c is suitable for CRS based sPDCCH.
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Figure 7. Frequency-first localized mapping of sCCE to sREGs (
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2) Distributed mapping of sCCE to sREGs
If only 1 symbol is configured for sPDCCH monitoring, distributed mapping of sCCE to sREGs could be achieved by mapping an sCCE to distributed RBs, as shown in Figure 8. The detailed formula can refer to that of option a, b or c.
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Figure 8. Distributed mapping of sCCE to sREGs (
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If more than 1 symbol is configured for sPDCCH monitoring, there are three possible options for distributed mapping of sCCE to sREGs. 
· Option a: time-first distributed mapping

Assuming sREGs numbered in a time-first-frequency-second manner, sCCE number 
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. As shown in Figure 9, considering CDM-T based sPDCCH DMRS pattern, option a is better for DMRS based sPDCCH. 
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Figure 9. Time-first distributed mapping of sCCE to sREGs (
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· Option b: frequency-first distributed mapping

Assuming sREGs numbered in a frequency-first-time-second manner, sCCE number 
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. An example is shown in Figure 10(a).

Assuming sREGs numbered in a time-first-frequency-second manner, sCCE number 
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. An example is shown in Figure 10(b).

Assuming sREGs in all symbols corresponding to the same RB numbered with the same sREG index, sCCE number 
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Figure 10. Frequency-first distributed mapping of sCCE to sREGs (
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With option b, 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. Option b is suitable for CRS based sPDCCH.
· Option c: average distributed mapping

Assuming sREGs numbered in a time-first-frequency-second manner, sCCE number 
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. As shown in Figure 11, option c can average each sCCE into different symbols but do not have the benefits of option a and option b, thus option c is not preferred. Therefore, option a and option b can be further studied.
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Figure 11. Average distributed mapping of sCCE to sREGs (
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Proposal 3: A CRS based sPDCCH RB set can be configured with
· Time-first or frequency-first localized mapping of sCCE to sREGs, or

· Frequency-first distributed mapping of sCCE to sREGs

Proposal 4: A DMRS based sPDCCH RB set can be configured with
· Time-first localized mapping of sCCE to sREGs, or

· Time-first distributed mapping of sCCE to sREGs
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 12. Then it seems very important how to map distributed sPDCCH to sCCE to reduce sPDCCH blocking probability between these two overlapped sets. 

There are three 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 12, 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 12, a distributed sPDCCH with AL=2 if scheduled will block 4 localized sCCEs. However, for a distributed sPDCCH with large AL, the frequency diversity gain can be low which cannot satisfy the performance requirement.
· Option 3: Every two sCCEs belonging to a distributed sPDCCH are contiguous and two two-sCCE pairs are non-contiguous. Option 3 is a tradeoff between option 1 and 2. Considering large AL such as 4-sCCE AL and 8-sCCE AL happens infrequently, requirement for reducing sPDCCH blocking probability can be relaxed, i.e. , sPDCCH blocking issue is only considered fir small AL such as 2-sCCE AL.
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Figure 12. sPDCCH to sCCE mapping
Proposal 5: Every two sCCEs belonging to a distributed sPDCCH are contiguous and two two-sCCE pairs are non-contiguous within unrestricted RB resources.
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, 8, 9, 10 and 11, 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, 6 and 7, 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#89 meeting, it was agreed that a UE can be configured to monitor at most two sPDCCH RB set(s) containing the sTTI USS in an sTTI. 
5.1 Frequency resource of sPDCCH RB set
An sPDCCH RB set consists of a set of sCCEs which are numbered from 0 to
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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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Proposal 6: The number of RBs per sPDCCH RB set is 
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5.2 Number of symbols per sPDCCH RB set
In the RAN1#88bis meeting it was agreed that the number of OFDM symbols per RB set for CRS based sPDCCH for 2/3-symbol sTTI and 1-slot sTTI is 1 or 2 configured by higher layer. FFS 3 OFDM symbols for 1-slot sTTI.  In this section, whether 3 OFDM symbols is supported or not for CRS based sPDCCH for 1-slot sTTI and the configuration of number of OFDM symbols for localized sPDCCH and distributed sPDCCH are firstly discussed, and then the number of OFDM symbols for DMRS based sPDCCH is discussed.
· Number of symbols per sPDCCH RB set for CRS based sPDCCH
For CRS based sPDCCH for 1-slot sTTI, it is preferred that 3 OFDM symbols are not supported. Firstly, for simplicity, common design should be adopted as much as possible for CRS based sPDCCH for 2/3-symbol sTTI and 1-slot sTTI. If 3 OFDM symbols are supported for 1-slot sTTI, extra standardization efforts are needed. Secondly, it is not likely to configure the shared or overlapped sPDCCH RB set for 2/3-symbol sTTI and 1-slot sTTI if the number of OFDM symbols per RB set for 1-slot sTTI is 3, which may result in scheduling restriction and cannot achieve higher frequency diversity gain for sPDCCH transmission.
Proposal 7: 3 OFDM symbols per RB set for CRS based sPDCCH for 1-slot sTTI are not supported.
In addition, the number of symbols can depend on sPDCCH transmission type. For localized sPDCCH transmission, sPDCCH RB set can be configured in the first one or two OFDM symbols. If sPDCCH RB set is configured with two symbols, less RBs for sPDCCH can achieve higher frequency selective scheduling gain. For distributed sPDCCH transmission, sPDCCH RB set can be configured in the first symbol of a sTTI to distribute more RBs in frequency domain to achieve higher frequency diversity gain.
Proposal 8: For CRS based sPDCCH, the number of OFDM symbols per sPDCCH RB set is
· 1 or 2 for localized sPDCCH, and
· 1 for distributed sPDCCH.
· Number of symbols per sPDCCH RB set for DMRS based sPDCCH

For DMRS based sPDCCH, it is still FFS on the symbol number for DMRS-based sPDCCH over the 3-symbol sTTIs. We slightly prefer 3 OFDM symbols for a 3-symbol sTTI for simplicity. 2 can be considered also. In this case, sharing DMRS REs between sPDCCH and sPDSCH can be considered [1]. For example, if sPDCCH and sPDSCH on the same RB(s) are transmitted to one UE, sPDCCH and sPDSCH can share the same DMRS port(s). If sPDCCH and sPDSCH are transmitted to different UEs, sPDCCH and sPDSCH can use different DMRS port(s).

Proposal 9: For DMRS based sPDCCH, the number of OFDM symbols for an sPDCCH RB set is 3 or 2.
6 Conclusions
The contribution discusses sPDCCH design for short TTI, mainly focuses on sREG structure for CRS based sPDCCH, sCCE structure, and sPDCCH RB sets. 
On sPDCCH structure, we have the following proposals:

Proposal 1: For CRS based sPDCCH, an sCCE consists of 
[image: image107.wmf]sCCE

sREG

N

 sREGs.
· 
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=4 for an sCCE within an sPDCCH set with any RS (e.g. CRS and DMRS)
· 
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=3 for an sCCE within an sPDCCH set without any RS (e.g. CRS, DMRS)

Proposal 2: For DMRS based sPDCCH, an sCCE consists of 
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=3 or 6 for an sCCE within an sPDCCH set with 3 symbols if supported
Proposal 3: A CRS based sPDCCH RB set can be configured with
· Time-first or frequency-first localized mapping of sCCE to sREGs, or

· Frequency-first distributed mapping of sCCE to sREGs

Proposal 4: A DMRS based sPDCCH RB set can be configured with
· Time-first localized mapping of sCCE to sREGs, or

· Time-first distributed mapping of sCCE to sREGs

Proposal 5: Every two sCCEs belonging to a distributed sPDCCH are contiguous and two two-sCCE pairs are non-contiguous within unrestricted RB resources.
On sPDCCH RB set, we have the following proposals:
Proposal 6: The number of RBs per sPDCCH RB set is 
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Proposal 7: 3 OFDM symbols per RB set for CRS based sPDCCH for 1-slot sTTI are not supported.
Proposal 8: For CRS based sPDCCH, the number of OFDM symbols per sPDCCH RB set is
· 1 or 2 for localized sPDCCH, and
· 1 for distributed sPDCCH.
Proposal 9: For DMRS based sPDCCH, the number of OFDM symbols for an sPDCCH RB set is 3 or 2.
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Appendix A. Simulation assumptions

Table A1: Simulation assumptions for CRS based sPDCCH

	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	TTI length
	2 OS 

	sPDCCH region
	1 OFDM symbol

	Antenna configuration
	2Tx(eNB), 2Rx(UE)

	DCI payload
	30bits, 45bits

	Aggregation level
	1, 2, 4

	Channel model and UE velocity
	EPA 3km/h, ETU 60km/h

	Receiver type
	MMSE

	Channel estimation
	Ideal

	Performance metrics
	BLER = 10^-2


Appendix B. Simulation cases and results
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Figure B1. Illustrations of different resource mappings for sPDCCH with CRS

Table B1. Description of different resource mapping cases in figure B1
	Case
	Monitoring Region
	Description

	1
	Distributed over entire bandwidth
	3 sREGs distributed mapping, each sREG include 8 available REs for sPDCCH

	2
	Distributed over entire bandwidth 
	4 sREGs distributed mapping, each sREG include 8 available REs for sPDCCH


Table B2. SNR achieved 1% BLER, EPA 3km/h

	EPA 3km/h
	DCI = 30 bits
	DCI = 45 bits

	
	AL=1
	AL=2
	AL=4
	AL=1
	AL=2
	AL=4

	Case 1
	4.8
	0.1
	-3.2
	-*
	2.4
	-1.3

	Case 2
	2.3
	-1.2
	-4.5
	5.6
	0.5
	-2.7


Table B3. SNR achieved 1% BLER, ETU 60km/h

	ETU 60km/h
	DCI = 30 bits
	DCI = 45 bits

	
	AL=1
	AL=2
	AL=4
	AL=1
	AL=2
	AL=4

	Case 1
	3.9
	-1.2
	-4.5
	-*
	1.1
	-2.7

	Case 2
	1.2
	-2.6
	-5.9
	4.5
	-0.9
	-4.3


*For DCI = 45 bits, AL = 1 cannot be configured due to unrealistic code rate in the case 1.
_1562153964.unknown

_1562161499.unknown

_1562163217.unknown

_1563121442.unknown

_1563885992.unknown

_1563886151.unknown

_1562164891.unknown

_1562163081.unknown

_1562161482.unknown

_1562161484.unknown

_1562161399.unknown

_1562144902.unknown

_1562153874.unknown

_1562153934.unknown

_1562153367.unknown

_1562153577.unknown

_1562152257.unknown

_1562139613.unknown

_1562140435.unknown

_1562144813.unknown

_1562144866.unknown

_1562139664.unknown

_1554722634.unknown

_1554723795.unknown

_1554724017.unknown

_1554724197.unknown

_1554723812.unknown

_1554722640.unknown

_1427909896.unknown

_1551028093.unknown

_1550995113.unknown

_1414955042.unknown

