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1 Introduction
In this contribution, we futher discuss the remaining details of DL control channel design and share our views on enabling efficient sTTI scheduling while minimizing control overhead and UE power consumption for sPDCCH monitoring.
2. Discussion
2.1 Details of sDCI1

The number of BDs in USS of sPDCCH increases linearly with the number of sDCI formats monitored by UE. To minimize the total number of BDs for sPDCCH, it is preferable that UE monitors only one sDCI1 format size only depends on the configured TM. We think the fallback TM can be sufficiently supported by using 1ms TTI. 

Proposal 1: 

· UE shall monitor one TM-dependent sDCI format for DL and UL transmissions in a given sTTI. 

Details of sTTI DCI formats for DL assignments and UL scheduling are still under discussion. However, in general there is a need to size-match the DL and UL sTTI DCI formats, as it is currently done for DCI formats 0 and 1A, in order to minimize the number of distinct DCI format sizes per transmission mode and, consequently, the number of blind PDCCH decodes. One or more zero bit(s) can be appended to the smaller DCI format until the payload size equals that of the larger sDCI1 format.   

Proposal 2: 

· The DL sDCI1 format and the UL sDCI1 format should have the same size.

· Zero-padding is applied to align the sizes of DL and UL sDCI formats. 

Regarding the other FFS fields [1], our views are summarized in the table below: 

Table 1: FFS fields for sDCI1

	sDCI1 fields
	Bits
	Comments

	RPF value 
	1
	0: RPF=1;  1: RPF=2 

	Cyclic shift for DM RS and IFDMA configuration
	2
	For sPUSCH, IFDMA-based DMRS supports only up to two combs and only up to two cyclic shifts per comb. Hence, 2 bits seem sufficient. 
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	DAI
	2
	Reuse the legacy functionality to minimize control signaling overhead.

	HARQ process ID
	4
	

	Unused sPDCCH resource indicator
	3
	Indicate the usused sCCE groups for sPDSCH transmission, see Section 2.5 for details. 

	A-CSI request
	3
	

	Aperiodic ZP-CSI-RS resource indicator 
	2
	Same as in legacy for sPDSCH rate-matching operation to avoid performance loss. 


Proposal 3: 

· The field sizes in Table 1 should be adopted for sDCI1. 

2.2  On the support of sDCI2 format 

Monitoring sPDCCH in each sTTI results in high power consumption, especially for 2-symbol sTTI. How to reduce the power consumption at the UE side should be carefully studied in the design of the DCI format structure. To minimize power consumption while still providing sufficient scheduling flexibilty, we propose to adopt an sDCI2 that can achieve this design target, as illustrated in FIG.1.
	 
[image: image4]
Figure 1: An example of sDCI2 format


An sDCI2 format on the PDCCH can be flexibly used to achieve UE power savings. More specifically, it can serve as an “on-off” signal to dynamically switch sTTI operation on a subframe basis. This provides the possibility to timely reduce power consumption based on instantaneous traffic conditions. It allowes UE to possibly skip monitoring the sPDCCH in all sTTIs within a subframe based on the detected sDCI2. Such sTTI operation switch can be based on the TCP file buffer status known by the eNB. Note that this is especially important for small sTTI lengths (e.g., 2 symbols) due to the larger number of time instances for sPDCCH monitoring in a subframe. 

In light of the advantages described right above, we propose:
Proposal 4: 
· Introduce an sDCI2 that indicates sPDCCH monitoring on-off for subsequent sTTIs in a subframe.

The slow DCI format for a group of UEs can be naturally mapped onto the common search space (CSS). If limited capacity would be an issue, a UE-group-specific search space given by the group-specific RNTI assigned by higher layers can be considered. An eNB can configure the same RNTI to multiple UEs by considering for example the respective UE geometries. The cost in the available RNTIs is minimal (e.g., ~3 S-TTI specific RNTIs should typically suffice). The DCI format size is equal to DCI format 0/1A so as to maintain the same number of blind decoding attempts. 

Proposal 5: 
· Use CSS or UE-group-specific search space on PDCCH given by a dedicated RNTI to transmit sDCI2. 

· The sDCI2 format has the same size as DCI format 0/1A.  

Certainly, there is a possibility that the slow DCI format cannot be detected by the UE. As one example, the CSS may be crowded, e.g., due to paging, random access and system information, where eNB may have to refrain from sending sDCI2. In this case, UE should monitor all configured sPDCCH search space candidates so that latency and throughput performance is not degraded.  

Proposal 6: 
· A UE shall fallback to monitoring all possible sPDCCH search space candidates in case sDCI2 is not detected. 

2.3. Multi-sTTI scheduling
It was agreed that sTTI operation supports both 2-symbol and 1-slot DL sTTI. From latency perspective, the sPDCCH presence in each sTTI is desirable so that the interval between data arrival and scheduling can be minimized. On the other hand, as possible optimization for eMBB traffic, multi-sTTI scheduling can be further considered to reduce control channel overhead. Like defined in LTE LAA, the fields of RV and NDI should be present for each scheduled sTTI and other fields can be jointly indicated and shared by the sTTIs to minimize the DCI format size. We therefore propose:
Proposal 7: 

· Support multi-sTTI scheduling for sTTI scheduling to reduce control overhead.
2.4 Search spaces for sPDCCH

2.4.1 Blind Decoding capability

Decoding of the sPDCCH directly impacts the UL and DL timing and RTT. To achieve the targeted latency reduction, it is important to limit the maximum number of BD attempts in sPDCCHs and PDCCH within a 1ms TTI. More specifically, the number of BD attempts for monitoring legacy PDCCH candidates should be decreased to accommodate the decoding of sPDCCHs within the same TTI. To fully utilize the processing capability at the UE, the supported BD attempts on the legacy DCI format on the PDCCH can be reported as part of the capability. Accordingly, it is left to the eNB scheduler to distribute the number of BDs for 1ms and sDCI formats within a subframe subject to UE capability.  
It was agreed that sDCI1 for sTTI#0 is transmitted in PDCCH. We believe some restriction on the maximum size of overall search space for monitoring sDCI1 in PDCCH region is of importance with tradeoff between scheduling flexibility and latency performance. Taking into account the different timing budget for slot-based and 2/3-OS sTTIs, 32 sCCEs and 16 sCCEs can be feasible values for sDCI1 in PDCCH transmission. 

Proposal 8: 

· Introduce UE capability signaling regarding the decoding capability per 1ms subframe, including both PDCCH and sPDCCH.  
· Maximum number of 32 and 16 sCCEs are allowed for sDCI1 monitoring in PDCCH for slot-based and 2/3-OS sTTI, respectively.   

2.4.2 sPDCCH RB set configuration and symbol-to-RE mapping
The granularity of sPDCCH RB set allocation remains open. Since DMRS bundling in the frequency domain was agreed to be mandatory using sPRG size of two for the DMRS-based sPDCCH RB set, it is straightforward that the number of RBs of the sPDCCH RB set should be groupped into two consecutive PRBs. For CRS-based sPDCCH, the eNB should have full flexibility to assign proper RBs for each UE to create the sPDCCH RB set with granularity of 1 PRB.

Proposal 9: 

· The granularity of the CRS-based sPDCCH RB set is one PRB. 

· The granularity of the DMRS-based sPDCCH RB set is two consecutive PRBs. 

One remaining issue for localized sPDCCH transmission is how to perform the mapping of the encoded symbols to REs to solve the ambiguity of the sPDCCH aggregation level. We think a simple sREG-based interleaver on the modulated symbols for RE mapping is sufficient to address this problem, which is detailed as follows by reusing similar operations defined in TS 36.212: 
· Step 1: Assign C = number of ALs to be the number of columns of the matrix. The columns of the matrix are numbered 0, 1, 2 .., C-1 from left to right. 

· Step 2: Determine the number of rows of the matrix  
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. The rows of the rectangular matrix are numbered 0, 1, 2, … R from top to bottom where D is the total number of sREGs.  

· Step 3: The encoded symbols are then written into the (RxC) matrix row by row starting with the first symbol  in column 0 of row 0; 

· Step 4: Readi out column by column from the matrix and then sequentially transmit sDCI1 symbols on the output of the sREG block interleaving. 

Proposal 10: 

· The mapping of sDCI1 symbols to sPDCCH REs is performed by mapping to available REs as follows: 

· Apply sREG-based interleaving depending on the aggregation levels; 

· Map the modulated sDCI1 symbols sequentially on the output of the sREGs after block interleaving. 

2.4.3 Details of seach space 
CRS-based sPDCCH

Two candidates were idenfitied in the post-meeting email discussion [2] as follows: 

	Option 1: 
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Option 2:
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It was agreed in RAN1#90bis [1] that the distributed sCCE-to-sREG mapping is implemented at the sREG level to achieve high frequency diversity gain for the encoded sDCI1 using even single sCCE. The need of sCCE-level distribution for CRS-based sPDCCH is very questionable. One drawback of Option 2 compared to Option 1 is the relatively higher blocking probability since a single sPDCCH transmission with distributed allocation may block all the candidates for localized sPDCCH transmission as clearly illustrated in email discussion. Hence, Option 1 is preferable. 

Proposal 11: 

· The search space candidate m for different ALs within a DMRS-based control resource set k for distributed transmission is given by the following equation: 
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DMRS-based sPDCCH 
One FFS aspect for DMRS-based sPDCCH is how to map the monitoring candidates for localized transmission. Two alternatives exist and listed below: 

	Alt.1: 
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Alt.2:  
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We prefer Alt.2 due to the nested structure of the sPDCCH candidates with different aggregation levels, which leads to alignment of the starting sCCE indices. This may simplify channel estimation of DMRS-based sPDCCH for a given number of monitoring candidates.

Proposal 12: 

· The search space candidate m for different ALs within a DMRS-based control resource set k for localized transmission is given by the following equation: 
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2.5 Multiplexing sPDCCH with sPDSCH
In the past meetings, the issue of dynamic sharing unused resources of sPDCCH for sPDSCH transmissions has been extensively discussed but remains open. 
In RAN1 #90bis, three reuse options were identified as follows [1]: 

	Select at RAN1#90bis one of the following 3 reuse mechanisms:

· Option 1: Indicate the last used logical sCCE/sCCE-group within PDCCH RB-set(s) configured to the UE for monitoring in a given sTTI. 

· Option 2: Separate the sCCEs, in RB-sets configured to the UE for monitoring, into N groups of sCCEs. Indicate by single bit per each group of sCCEs, whether sPDSCH is mapped or not into the group of sCCEs. 

· FFS on the sCCE grouping mechanism

· Option 3: Indicate by 1 bit for each sPDCCH RB-set, configured to UE for monitoring, whether sPDSCH is mapped or not.

·  Reuse mechanism operates on the unit of RB-set


Supporting dynamic unused sPDCCH resource sharing is extremely important for the 2/3-os sTTI operation to ensure resource utilization efficiency due to the rather limited resources within a sTTI. Hence, a finer-granularity reuse mechanism should be adopted and Option 3 is less preferable, especially taking into account the large sPDCCH RB set size.  

With the assumption of consecutive sCCE utilization within an sPDCCH RB set, Option 1 is the simplest and would be sufficient to achieve the design target. According to the last used sCCE index indicated in sDCI1, UE knows that all the resources corresponding to sCCEs with larger index that can be used for data transmission. On the other hand, Option 1 would require consecutive sCCEs for sPDCCH transmissions, which results in scheduling restriction. 

We think it is important to allow for flexible sPDCCH assignment for different UEs in a shared sPDCCH RB set to ensure the sPDCCH performance. The usused sPDCCH candidates for different UEs are likely be distributed across sPDCCH RB sets rather than consecutively. In case distributed sCCEs are occupied by differenet UEs within an RB set, Option 2 is clearly perferrable over Option 1 due to its inceased resource sharing efficiency.

	
[image: image12]
Figure 2: An example of sCCE grouping within an sPDCCH set


Figure 2 gives an example of sCCE grouping for resource sharing. The sCCEs of the configured RB set can be divided into three groups and then a 3-bit bitmap is used to individually indicate which sCCE group is unused and, thus, can be used for sPDCCH transmission. The group number, i.e., 3, can be fixed in the specification with tradeoff between DCI overhead and resource efficiency. More specifically, to simplify the overall operation and UE implementation, the group formation should not be dynamically varied according to the location of sDCI1.  
Proposal 13: 

· A 3-bit indicator is included in sDCI1 to signal the unused sCCE groups for sPDSCH transmission.   
2. 6 Handling of Orphan REs. 
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Figure 3: Orphan RE problem for different CSI-RS ports

In RAN1 #90, it was agreed to support SFBC with up to 4 CRS antenna ports for sPDCCH transmission. The number of antenna ports is indicated by PBCH. One remaining issue identified on the SFBC/FSTD scheme for sPDCCH is the orphan RE problem that reduces the number of transmission possibilities which may motivate a new design of transmit diversity for sPDCCH transmission. 

As depicted in FIG.3 below, the current SFBC for 2 CRS APs or SFBC-FSTD for 4 CRS APs requires allocation in groups of 2 or 4 adjacent REs, respectively, which leads to up to 3 orphan REs in one sREG depending on the combination of the CRS and CSI-RS AP numbers.

The simplest way is to skip the unused REs for sPDCCH transmission in the presence of CSI-RS. Then, the number of REs within an sREG that can be utilized by this scheme is reduced, which results in performance loss. This is not so attractive given that the number of REs in an sTTI is rather limited. An alternative solution is to utilize these orphanREs by repeating an RE of each sREG. 

Proposal 14: 

· Handle SFBC orphan REs by repeating one RE of each sREG. 
3. Conclusions

This contribution discusses the details of sDCI format design supporting sTTI-based transmissions. The following is proposed:
Proposal 1: 

· UE shall monitor one TM-dependent sDCI format for DL and UL transmissions in a given sTTI. 

Proposal 2: 

· The DL sDCI1 format and the UL sDCI1 format should have the same size.

· Zero-padding is applied to align the sizes of DL and UL sDCI formats. 

Proposal 3: 

· The field sizes in Table 1 should be adopted for sDCI1. 

Proposal 4: 

· Introduce an sDCI2 that indicates sPDCCH monitoring on-off for subsequent sTTIs in a subframe.

Proposal 5: 

· Use CSS or UE-group-specific search space on PDCCH given by a dedicated RNTI to transmit sDCI2. 

· The sDCI2 format has the same size as DCI format 0/1A.  

Proposal 6: 

· A UE shall fallback to monitoring all possible sPDCCH search space candidates in case sDCI2 is not detected. 

Proposal 7: 

· Support multi-sTTI scheduling for sTTI scheduling to reduce control overhead.
Proposal 8: 

· Introduce UE capability signaling regarding the decoding capability per 1ms subframe, including both PDCCH and sPDCCH.  

· Maximum number of 32 and 16 sCCEs are allowed for sDCI1 monitoring in PDCCH for slot-based and 2/3-OS sTTI, respectively.   

Proposal 9: 

· The granularity of the CRS-based sPDCCH RB set is onw PRB. 

· The granularity of the DMRS-based sPDCCH RB set is two consecutive PRBs. 

Proposal 10: 

· The mapping of sDCI1 symbols to sPDCCH REs is performed by mapping to available REs as follows: 

· Apply sREG-based interleaving depending on the aggregation levels; 

· Map the modulated sDCI1 symbols sequentially on the output of the sREGs after block interleaving. 

Proposal 11: 

· The search space candidate m for different ALs within a DMRS-based control resource set k for distributed transmission is given by the following equation: 
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Proposal 12: 

· The search space candidate m for different ALs within a DMRS-based control resource set k for localized transmission is given by the following equation: 
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Proposal 13: 

· A 3-bit indicator is included in sDCI1 to signal the unused sCCE groups for sPDSCH transmission.   

Proposal 14: 

· Handle SFBC orphan REs by repeating one RE of each sREG. 
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