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Introduction
In RAN1#89 the following agreements were made:
· 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
· An sREG consists of 1 RB within 1 OFDM symbol including REs for CRS and/or DMRS applied to CRS based sPDCCH
· 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
· 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)
· [bookmark: _Hlk488409873]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
In RAN1#90 the following agreements were made:
· 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.
· #sREGs per sCCE is the same for 2/3os and 1-slot sTTI
· #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.
· Support aggregation level L∈{1,2,4,8} for sPDCCH search space.
· 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.
Working assumption:
· Support two port DM-RS based demodulation
· The single port or dual port based demodulation is configured for each DM-RS based sPDCCH RB-set
· Decide between:
· Alt. 1: SFBC using {107,108}: Same handling of orphan REs than for CRS-based sPDCCH (which is still FFS)
· Alt. 2: Antenna hopping/port mapping using ports {107,108} is used within a sREG. 
· The DM-RS bundling is independent on the configured number of antenna ports for DM-RS based demodulation

In this contribution, we further outline how the sPDCCH physical layer mapping is performed per sTTI based on these agreements and working assumptions. 
[bookmark: _Hlk494284058]This contribution is revised from R1-1712895.
[bookmark: _Ref178064866]Discussion
sPDCCH Configuration
sPDCCH DMRS configuration
As described in our companion paper about DL DMRS design for sTTI [1], there are three DMRS patterns discussed for 2os sPDSCH. As DMRS-based sPDCCH is of 2os or 3os long, it should consider to use the same patterns as 2os DMRS-based sPDSCH. It can be applied for the DMRS-based sPDCCH configuration of both 2os sTTI and slot sTTI.

[bookmark: _Toc490235381][bookmark: _Toc490241948][bookmark: _Toc490254900][bookmark: _Toc490255137][bookmark: _Toc490255157][bookmark: _Toc490255404]Support for DMRS-based sPDCCH the same DMRS pattern as for 2os sPDSCH

Additionally, it was agreed in RAN1#90 to support for DMRS-based sPDCCH DMRS bundling, if applicable. Since it can improve the performance of a DMRS-based transmission providing channel estimation gains, DMRS bundling should be always applied for DMRS-based sPDCCH. For that, a bundling size of 2 PRB should be sufficient. Likewise, 2 PRBs bundling size facilitates the definition for the DMRS-based sREG to sCCE mapping as further described below.
[bookmark: _Hlk493853605]DMRS bundling is always applied for DMRS-based sPDCCH with a bundling size of 2 PRBs.

Number of sREG per sCCE 
It was agreed in RAN1#90 that the number of sREG per sCCE is the same for 2/3os and 1-slot sTTIs. Furthermore, it was agreed that the number per sREG per sCCE is 4 for CRS-based sPDCCH. Based on this, the number of usable REs per sCCE for 1os and 2os CRS-based sPDCCH is shown in Table 1. 
In RAN1#90, it was also agreed that 3os DMRS-based sPDCCH is configured only for the case of 3os sTTI length. Thereby, Table 1 also includes the number of usable REs per sCCE for 2os and 3os DMRS-based sPDCCH considering the case of 4 sREG per sCCE for 2os DMRS-based sPDCCH and 3 or 6 sREG per sCCE for the case of 3os DMRS-based sPDCCH. As observed, 4 sREG per sCCE for 2os DMRS-based sPDCCH can provide similar number of usable REs per sCCE as PDCCH as well as it can be defined as the one selected for CRS-based sPDCCH. In sTTI with large RS overhead, for instance sTTI3/slot1, the eNB should carefully select an appropriate aggregation level to ensure sufficient number of usable REs for sPDCCH.
[bookmark: _Toc485917931][bookmark: _Toc490235396][bookmark: _Toc490241930][bookmark: _Toc490255119][bookmark: _Toc490255386]A higher aggregation level can cope with high RS overhead

For the case of 3os DMRS-based sPDCCH, 1 sCCE composed of 3 sREG can be built with one full PRB along 3 symbols. The third symbol represents an sREG free of RS overhead. As observed, 3 sREG per sCCE leads to 28 usable REs for sPDCCH in this full PRB, i.e. lower than the legacy value of 36. However, based on Proposal 2, DMRS bundling should be always applied over 2 PRBs. Therefore, 6 sREG/sCCE and thus 56 usable REs/sCCE should be supported for 3os sPDCCH. Hence, if DMRS bundling is always supported over 2 PRBs, 4 sREG/sCCE for 2os DMRS-based sPDCCH and 6 sREG/sCCE for 3os DMRS-based sPDCCH are built over the two bundled PRBs. Thereby, it leads to have the same DMRS configuration regardless the number of OFDM symbols per sPDCCH.
[bookmark: _Hlk493853641]For 2os DMRS-based sPDCCH a sCCE is composed of 4 sREG for 2os sTTI and 1-slot sTTI
For 3os DMRS-based sPDCCH a sCCE is composed of 6 sREG for 3os sTTI

[bookmark: _Ref489429645]Table 1 Number of sREGs per sCCE [usable number of REs per sCCE (assuming 2 DMRS pairs)]
	[bookmark: _Hlk489450506]2/3os sTTI
	sTTI0
(CRS present)
	sTTI1
(CRS present)
	sTTI2
	sTTI3
(CRS present)
	sTTI4
	sTTI5
(CRS present)

	2os DMRS-based sPDCCH
	4 [32]
	4 [32]
	4 [40]
	4 [24]
	4 [40]
	-

	3os DMRS-based sPDCCH
	-
	3 [28]
6 [56]
	-
	-
	-
	3 [28]
6 [56]

	1-slot sTTI
	slot0
	slot1

	2os DMRS-based sPDCCH
	4 [32]
	4 [24]



[bookmark: _Toc462726029][bookmark: _Toc462726550][bookmark: _Toc462733836][bookmark: _Toc462726169][bookmark: _Toc462726554][bookmark: _Toc462733840][bookmark: _Toc462742569]sPDCCH mapping
sCCE to sREG mapping for CRS-based sPDCCH
[bookmark: _Hlk493839615]It was agreed in RAN1#90 that for a CRS-based sPDCCH RB set configured with more than 1 symbol, the distributed and localized mapping is based on a frequency-first time-second sCCE-to-sREG mapping. Thereby, the sREG indexing for CRS-based sPDCCH could be also defined as frequency-first time-second, for both 1os and 2os CRS-based sPDCCH. For that, the sREGs are numbered in an ascended frequency-first time-second manner from 0 to  within a CRS-based sPDCCH RB set.  is the total number of sREGs in the sPDCCH RB set.
For the distributed configuration, it is still under discussion if it should be done at sCCE or sREG level though. As high frequency diversity is desired with a distributed CRS-based configuration, it is then achieved at sREG level. Besides, a higher frequency diversity is achieved by mapping the sREGs of an sCCE only from 1 OFDM symbol.
[bookmark: _Hlk493853674]The sREGs are numbered in an ascending frequency-first time-second manner from 0 to  within a CRS-based sPDCCH RB set.  is the total number of sREGs in the sPDCCH RB set
The CRS-based sPDCCH distributed configuration is done at sREG level. The sREGs of an sCCE are selected in a distributed manner only from 1 OFDM symbol

Based on Proposals 5 and 6, Figure 1 and Figure 2 show the sCCE to sREG distributed and localized mapping configurations for 1os and 2os CRS-based sPDCCH RB set with 4 sCCEs size, respectively.

[image: ]
[bookmark: _Ref493775041]Figure 1 Distributed and Localized configurations for 1os CRS-based sPDCCH RB set with 4 sCCEs size

[image: ]
[bookmark: _Ref493778575]Figure 2 Distributed and Localized configurations for 2os CRS-based sPDCCH RB set with 4 sCCEs size

[bookmark: _Hlk493778017]Hence, for the sREG based distributed mapping within 1os CRS-based sPDCCH, the sREGs corresponding to an sCCE index k are given by the following definition:



[bookmark: _Hlk493778044]Where .  is the number of sCCE in the sPDCCH RB set, ,  is the total number of sREGs in the sPDCCH RB set (here assumed to be a multiple of  , and  is the number of sREG per sCCE, i.e. 4 sREG/sCCE.

For the sREG based distributed mapping within 2os CRS-based sPDCCH, the sREGs corresponding to an sCCE index k are given by the following definition:



[bookmark: _Hlk493780131]Where .  is the number of sCCE in the sPDCCH RB set, ,  is the number of sCCEs per OFDM symbol within the sPDCCH RB set, i.e. .  is the number of sREGs per OFDM symbol and  is the number of sREG per sCCE, i.e. 4 sREG/sCCE.

[bookmark: _Hlk493778073]For the sREG based localized mapping within 1os and 2os CRS-based sPDCCH, the sREGs corresponding to an sCCE index k are given by the following definition:


Where .  is the number of sCCE in the sPDCCH RB set, .  is the number of sREG per sCCE, i.e. 4 sREG/sCCE.

[bookmark: _Hlk494282109][bookmark: _Hlk493853751][bookmark: _Hlk494282050]The distributed sCCE to sREG mapping for 1os CRS-based sPDCCH is defined as follows:
For the sREG based distributed mapping, the sREGs corresponding to an sCCE index k are given by

Where .  is the number of sCCE in the sPDCCH RB set, ,  is the total number of sREGs in the sPDCCH RB set, and  is the number of sREG per sCCE, i.e. 4 sREG/sCCE.

[bookmark: _Hlk494282188]The distributed sCCE to sREG mapping for 2os CRS-based sPDCCH is defined as follows:
For the sREG based distributed mapping, the sREGs corresponding to an sCCE index k are given by

Where .  is the number of sCCE in the sPDCCH RB set, ,  is the number of sCCEs per OFDM symbol within the sPDCCH RB set, i.e. .  is the number of sREGs per OFDM symbol and  is the number of sREG per sCCE, i.e. 4 sREG/sCCE.

The localized sCCE to sREG mapping for 1os and 2os CRS-based sPDCCH is defined as follows:
For the sREG based localized mapping, the sREGs corresponding to an sCCE index k are given by

Where .  is the number of sCCE in the sPDCCH RB set, .  is the number of sREG per sCCE, i.e. 4 sREG/sCCE.

sCCE to sREG mapping for DMRS-based sPDCCH
It was agreed in RAN1#90 that for a DMRS-based sPDCCH RB set configured with more than 1 symbol, the distributed and localized mapping is based on a time-first frequency-second sCCE-to-sREG mapping. Thereby, the sREG indexing for DMRS-based sPDCCH could be also defined as time-first frequency-second, for both 2os and 3os DMRS-based sPDCCH. For that, the sREGs are numbered in an ascended time-first frequency-second manner from 0 to  within a DMRS-based sPDCCH RB set.  is the total number of sREGs in the sPDCCH RB set.
For the distributed configuration, it is still under discussion if it should be done at sCCE or sREG level though. As described above, DMRS bundling should be always applied for DMRS-based sPDCCH with a bundling size of 2PRB. Based on this, 4 sREG/sCCE and 6 sREG/sCCE are then defined for 2os and 3os DMRS-based sPDCCH, respectively. Hence, an sCCE is built by those two bundled PRBs, i.e. by the sREGs formed within the bundled PRBs. Thus, an sCCE is built with a localized sREG configuration. Therefore, a distributed DMRS-based sPDCCH configuration can be only done at sCCE level, as described in our companion paper about sPDCCH search space [2].

[bookmark: _Hlk493839745]The sREGs are numbered in an ascending time-first frequency-second manner from 0 to  within a DMRS-based sPDCCH RB set.  is the total number of sREGs in the sPDCCH RB set
The DMRS-based sPDCCH distributed configuration is done at sCCE level.

Based on Proposals 8 and 9, Figure 3 shows the sCCE to sREG mapping for 2os and 3os DMRS-based sPDCCH RB set with 4 sCCEs size. Since DMRS bundling over 2PRB is assumed, the physical RBs building an sCCE are two consecutive PRBs in frequency domain. 
 
[image: ]
[bookmark: _Ref493841069]Figure 3 sCCE to sREG mapping for 2os and 3os DMRS-based sPDCCH RB set with 4 sCCEs size. DMRS bundling size of 2PRBs
Hence, for the sREG to sCCE mapping within 2os and 3os DMRS-based sPDCCH, the sREGs corresponding to an sCCE index k are given by the following definition:


Where .  is the number of sCCE in the sPDCCH RB set, .  is the number of sREG per sCCE, i.e. 4 sREG/sCCE for 2os DMRS-based sPDCCH and 6 sREG/sCCE for 3os DMRS-based sPDCCH.

[bookmark: _Hlk493853874]The sCCE to sREG mapping for 2os and 3os DMRS-based sPDCCH is defined as follows:
	The sREGs corresponding to an sCCE index k are given by


Where .  is the number of sCCE in the sPDCCH RB set, .  is the number of sREG per sCCE, i.e. 4 sREG/sCCE for 2os DMRS-based sPDCCH and 6 sREG/sCCE for 3os DMRS-based sPDCCH.

sPDCCH RB set configuration
In RAN1#89 the sPDCCH RB set allocation was agreed to be defined as the EPDCCH PRB allocation (TS 32.213 9.1.4.4). For that, the eNB should have full flexibility to assign a proper sPDCCH RB set for each UE as well as the possibility to define that different UEs share the same search space region. To support DMRS bundling over 2PRBs for 2os and 3os DMRS-based sPDCCH, the eNB should then configure a DMRS-based sPDCCH RB set by allocating as many groups of two consecutive PRBs as required. For the case of different UEs sharing the same sPDCCH RB set, the UEs could be 2os and/or 1-slot sTTI UEs. For that, the number of symbols per sPDCCH should be the same. 
[bookmark: _Toc490235401][bookmark: _Toc490241935][bookmark: _Toc490255124][bookmark: _Toc490255391][bookmark: _Hlk493853405]The eNB should have full flexibility to assign a sPDCCH RB set for an UE or for different UEs
[bookmark: _Toc490235402][bookmark: _Toc490241936][bookmark: _Toc490255125][bookmark: _Toc490255392]2os sTTI UEs and slot sTTI UEs should be able to share the same sPDCCH-PRB-set as long as the number of symbols per sPDCCH is the same

sPDCCH RB set size
For simplicity, an sPDCCH RB set should consist of a fixed number of sCCEs. Those sCCEs are composed by a group of sREGs (i.e. a group of PRBs), as previously described. The RB set size, i.e. the number of RBs required to build the set of sCCEs, should be then well defined, so high order diversity can be achieved as well as excessive overhead is avoided. This, however, depends on many factors such as: mainly system bandwidth, number of OFDM symbols per sTTI, number of UEs sharing the same sPDCCH RB set and the number of candidates to be monitored at each configured UE’s aggregation level.
[bookmark: _Toc485917933][bookmark: _Toc490235403][bookmark: _Toc490241937][bookmark: _Toc490255126][bookmark: _Toc490255393][bookmark: _Hlk493853479]The number of RBs required to build the set of sCCEs in a sPDCCH RB set should be well defined, so high order diversity can be achieved as well as excessive overhead is avoided
The RB set size depends on factors such as: mainly system bandwidth, number of OFDM symbols per sTTI, number of UEs sharing the same sPDCCH RB set and the number of candidates to be monitored at each configured UE’s aggregation level

The sPDCCH RB set size in RBs () is defined then to include a multiple number of sCCE (). Therefore, it depends on the number of sREG/sCCE () and the number of OFDM symbols per sPDCCH RB set (), as follows:


An sPDCCH RB set consists of a multiple number of sCCEs

It was agreed in RAN1#90 to support up to aggregation level (AL) 8. Therefore, if two AL8 sPDCCH candidates are supported, e.g. one DL sDCI and one UL sDCI, then an sPDCCH RB set size of at least a 16 sCCE is required to be configured. This means that 64 RBs for 1os CRS-based sPDCCH RB set or 32 RBs for 2os sPDCCH RB set are required to be configured. For the case of a DMRS-based sPDCCH RB set, assuming 4 and 6 sREG/sCCE for 2os and 3os sPDCCH, respectively, 32 RBs are required to be configured. This may lead to an excessive overhead depending on the system bandwidth and TTI length as well as a high UE’s processing complexity. Therefore, the eNB should have full flexibility in order to properly define the sPDCCH RB set size for each UE. 
Besides, if it is required to keep the UE’s complexity at a reasonable level, then a maximum sPDCCH RB set size of 16 sCCEs should be supported by each sTTI UE. Thus, the eNB will be able to simultaneously transmit at least a DL sDCI and an UL sDCI with the highest agreed AL, i.e. AL8. Table 2 and Table 3 show the sPDCCH RB set size () required to support up to 16 sCCE () for an CRS and DMRS based RB set.

[bookmark: _Hlk493853504]A maximum sPDCCH RB set size of 16 sCCEs should be supported by each sTTI UE. Thus, the eNB is able to simultaneously transmit at least a DL sDCI and an UL sDCI with the highest agreed AL as well as to keep the UE’s complexity at a reasonable level

[bookmark: _Ref493851975]Table 2 1os and 2os CRS-based sPDCCH RB set size () supporting up to 16 sCCE ().  
	CRS-based sPDCCH RB set
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	 = 2

	
	
	
	
	
	

	1
	64
	32
	24
	16
	8

	2
	32
	16
	12
	8
	4




[bookmark: _Ref493851984]Table 3 2os and 3os DMRS-based sPDCCH RB set size () supporting up to 16 sCCE ().  for 2os sPDCCH and   for 3os sPDCCH 
	DMRS-based sPDCCH RB set
	 = 16
	 = 8
	 = 6
	 = 4
	 = 2

	
	
	
	
	
	

	2/3
	32
	16
	12
	8
	4


  
SFBC details
Assuming an X-port SFBC is adopted for CRS-based sPDCCH, the number of usable tones per sREG needs to be a multiple of X, but may not be for a variety of reasons.  Firstly, two port CSI-RS may be present in the same symbols as sPDCCH, as shown below.  While one two port CSI-RS is shown here, UEs can be configured with multiple two port CSI-RSs for CoMP or for FD-MIMO with K>1 CSI-RS resources, and these will generally be distributed over different OFDM symbol pairs in a subframe.  Consequently, half of the sTTIs in a subframe could be impacted.  Secondly, if sPDSCH DMRS uses 3 REs in an sREG, there will again be an odd number of REs in the sREG, and this will happen in every sTTI in which the sPDSCH is scheduled.  If proposals such as simply dropping REs that do not form complete pairs/groups are used, we lose the use of up to X-1 REs per sREG, amounting to 1/12 and 3/12 REs for 2 port and 4 port SFBC, respectively.  Such 8-25% losses of available REs substantially reduce the gains of SFBC for sPDCCH.
An alternative to recover the otherwise lost REs is simply to repeat one of the transmitted SFBC symbols in the orphan RE. Figure 3 depicts an example with two port CSI-RS and two port SFBC. The REs available in the sREG are grouped in pairs. The orphan RE is associated to the last group and contains a repetition of a symbol from this last group (here S8 on antenna port 0 and -S9* on antenna port 1).  The orphan RE can be paired with its neighboring RE using the normal SFBC reception process, as shown by the dashed arrows.  Four port SFBC can be implemented in a similar way.
[bookmark: _Toc490255149][bookmark: _Toc490255169][bookmark: _Toc490255416]Handle SFBC ‘orphan’ REs by repeating an RE of each sREG 

 [image: ] [image: ] 
[bookmark: _Ref490217627]Figure 4 Orphan recovery for sPDCCH with SFBC
[bookmark: _Toc490254913]
Conclusion
In this contribution, we discuss the design of sPDCCH and have the following observations:
Observation 1	A higher aggregation level can cope with high RS overhead
Observation 2	The eNB should have full flexibility to assign a sPDCCH RB set for an UE or for different UEs
Observation 3	2os sTTI UEs and slot sTTI UEs should be able to share the same sPDCCH-PRB-set as long as the number of symbols per sPDCCH is the same
Observation 4	The number of RBs required to build the set of sCCEs in a sPDCCH RB set should be well defined, so high order diversity can be achieved as well as excessive overhead is avoided
Observation 5	The RB set size depends on factors such as: mainly system bandwidth, number of OFDM symbols per sTTI, number of UEs sharing the same sPDCCH RB set and the number of candidates to be monitored at each configured UE’s aggregation level
Observation 6	A maximum sPDCCH RB set size of 16 sCCEs should be supported by each sTTI UE. Thus, the eNB is able to simultaneously transmit at least a DL sDCI and an UL sDCI with the highest agreed AL as well as to keep the UE’s complexity at a reasonable level
Observation 7	The benefits from increasing the sPDCCH CRC length need to be compared with the SNR loss resulting from the increased coding rate


Based on the discussion in section 2 we propose the following:
Proposal 1	Support for DMRS-based sPDCCH the same DMRS pattern as for 2os sPDSCH
Proposal 2	DMRS bundling is always applied for DMRS-based sPDCCH with a bundling size of 2 PRBs
Proposal 3	For 2os DMRS-based sPDCCH a sCCE is composed of 4 sREG
Proposal 4	For 3os DMRS-based sPDCCH a sCCE is composed of 6 sREG
Proposal 5	The sREGs are numbered in an ascending frequency-first time-second manner from 0 to N_(sREG_tot )-1 within a CRS-based sPDCCH RB set. N_(sREG_tot ) is the total number of sREGs in the sPDCCH RB set
Proposal 6	The CRS-based sPDCCH distributed configuration is done at sREG level. The sREGs of an sCCE are selected in a distributed manner only from 1 OFDM symbol

Proposal 7	The distributed sCCE to sREG mapping for 1os CRS-based sPDCCH is defined as follows:
For the sREG based distributed mapping, the sREGs corresponding to an sCCE index k are given by

Where .  is the number of sCCE in the sPDCCH RB set, ,  is the total number of sREGs in the sPDCCH RB set, and  is the number of sREG per sCCE, i.e. 4 sREG/sCCE.

Proposal 8	The distributed sCCE to sREG mapping for 2os CRS-based sPDCCH is defined as follows:
For the sREG based distributed mapping, the sREGs corresponding to an sCCE index k are given by

Where .  is the number of sCCE in the sPDCCH RB set, ,  is the number of sCCEs per OFDM symbol within the sPDCCH RB set, i.e. .  is the number of sREGs per OFDM symbol and  is the number of sREG per sCCE, i.e. 4 sREG/sCCE.

Proposal 9	The localized sCCE to sREG mapping for 1os and 2os CRS-based sPDCCH is defined as follows:
For the sREG based localized mapping, the sREGs corresponding to an sCCE index k are given by

Where .  is the number of sCCE in the sPDCCH RB set, .  is the number of sREG per sCCE, i.e. 4 sREG/sCCE.


Proposal 10	The sREGs are numbered in an ascending time-first frequency-second manner from 0 to N_(sREG_tot )-1 within a DMRS-based sPDCCH RB set. N_(sREG_tot ) is the total number of sREGs in the sPDCCH RB set
[bookmark: _Hlk493853854]Proposal 11	The DMRS-based sPDCCH distributed configuration is done at sCCE level
Proposal 12	The sCCE to sREG mapping for 2os and 3os DMRS-based sPDCCH is defined as follows:
	The sREGs corresponding to an sCCE index k are given by


Where .  is the number of sCCE in the sPDCCH RB set, .  is the number of sREG per sCCE, i.e. 4 sREG/sCCE for 2os DMRS-based sPDCCH and 6 sREG/sCCE for 3os DMRS-based sPDCCH.
Proposal 13	An sPDCCH RB set consists of a multiple number of sCCEs
Proposal 14	Handle SFBC ‘orphan’ REs by repeating an RE of each sREG 
	 
[bookmark: _In-sequence_SDU_delivery]References
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