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1. [bookmark: _GoBack]Introduction 
In this contribution, we discuss the enhancement for common PDCCH (cPDCCH) design to facilitate the UL access for eLAA.
2. cPDCCH Design
2.1. UL burst duration configuration 
In Rel-13 LAA, cPDCCH design based on PDCCH format 1C is used to indicate the special subframe for frame structure type 3. In Rel-13 LAA, cPDCCH with DCI CRC scrambled by CC-RNTI is sent in subframe n-1 and subframe n. This is to indicate the configuration of occupied OFDM symbols in current and/or next subframes according to TS 36.213 Table 13A-1 [1]. In this section, we discuss a possible enhancement for cPDCCH design to further include the indication for the length of following UL burst. 
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Figure 1: Indication of UL burst duration via C-PDCCH
The benefits of indicating the UL burst duration can be foreseen as follows:
1) Power saving:  With UL burst duration indication, UE may sleep for the indicated duration, if not scheduled. This can be helpful for UE power saving.   
2) LBT overriding: UL burst duration can be used to override the LBT indication in UL grant from Category 4 LBT to single interval LBT. This helps in improving the UL eLAA performance. Specifically, the LBT procedure for any UL subframe in SF n to SF n+x, for which the eNB had already indicated to use Category 4 LBT, can be switched to an LBT based on 25 µs single interval LBT upon reading the cPDCCH.

During the email discussion following RAN1 #85, the following options were discussed for LBT indication.

	Alternative 1:
· LBT type (i.e. Cat.4 LBT or LBT based on 25us CCA) is signaled via UL grant.
Alternative 2:
· Remaining COT =x as a non-negative integer is signaled in the cPDCCH of a DL subframe where RCOT  = x in subframe “n” indicates that
· any UL transmission from SF#(n+x) and onwards corresponds to Cat 4 LBT; AND	
· any UL transmission after the transmission in SF#n until SF#(n+x-1) can be performed based on CCA of 25 us LBT; 
· The LBT procedure for any UL subframe in SF#n to SF#(n+x-1)  for which the eNB had already indicated to be Cat. 4 LBT, can be switched to an LBT based on 25 µs CCA if an RCOT of value x  is detected in cPDCCH in SF#n.
· If UE PUSCH starting symbol is symbol#0, UE prepares PUSCH assuming a starting transmission time. The UE is not expected to change this starting time based on the LBT method used. FFS the start time between the following options:
· Option 1: PUSCH starts at symbol#0
· Option 2: PUSCH starts at 25us after SF boundary 
· If PUSCH starting symbol#1, UE always prepares PUSCH as it is transmitted from symbol#1.



In our view, the LBT type has to be indicated via UL grant anyway as it is the agreement that 
“When the UE performs Cat. 4 LBT, it uses the priority class signaled by the eNB.” 
The fact that the eNB signals LBT priority class already implies that the priority class signaling itself can be an implicit indication of the use of Category 4 LBT. 

Proposal 1: The LBT type is indicated via UL grant. 

If the LBT type is indicated via UL grant, then the only usefulness left for RCOT-based approach is that it can be used for overriding the previous LBT indication. Note that the indication of the UL burst duration can be used for not only overriding the LBT decision but also UE power saving. The power saving benefit is not there for RCOT-based approach. 

Proposal 2: cPDCCH indicates UL burst duration instead of RCOT. The indication is the number of contiguous UL subframes that belong to the same transmission opportunity. 

UE is required to infer the starting of the UL burst with respect to the cPDCCH. Here, we propose to indicate the starting of the UL burst in subframe n-2 and n-1 similar to the Release 13 cPDCCH design. This restriction helps UE to implicitly infer the offset of the UL subframe w.r.t. cPDCCH without additional bits. If DL subframe configuration is 0000-0110 and UL subframe configuration is present (i.e. UL subframe exists in n+1 or n+2 subframe), UL subframe exists in subframe n+2, where n is the current subframe. If DL subframe configuration is 0111-1101 and UL subframe configuration is present (i.e. UL subframe exists in n+1 or n+2 subframe), UL subframe exists in subframe n+1, where n is the current subframe. 
Proposal 3: The UL burst duration is indicated in cPDCCH in the preceding DL subframe n-2 and n-1, where n is the index of the first UL subframe in the indicated UL burst duration.  
2.2. Indication for two-staged grant scheduling  
Introduction of two-staged grant based operation for scheduling UL PUSCH in eLAA is discussed in RAN1#85. In two-staged grant option, the first grant provides all the scheduling information for constructing the packet (actual timing is not indicated). The timing of UL transmission relative to the trigger is indicated by the “timing/offset field” in the first grant. Grant based trigger can be used to indicate/derive the actual transmission timing. The trigger can be implicit based on the presence of cPDCCH or can be transmitted explicitly using additional bits in the cPDCCH.  


Figure 1: An illustration of two-stage grant
Additional considerations are needed when UE is scheduled with two-stage grant. When a two-stage scheduled UE misses a cPDCCH indicating the start of the scheduled transmission burst, it is possible that the UE may attempt to transmit in the next detected transmission burst, whose scheduling may be different from the one that the UE was previously indicated. In such a case, there could be more than one UEs simultaneously transmitting on the same resource. 
In the following, we discuss using burst-ID to prevent such error cases. The transmission burst ID is defined and included in the cPDCCH indicating the start of a transmission burst. The scheduled burst ID is implicitly indicated to UEs when they are scheduled with two-stage grant. If UE misses the cPDCCH of the burst over which UE is expected to transmit, UE can infer that it missed cPDCCH, if it receives any future burst-ID and the intended burst-ID is skipped. Thus, burst-ID indication helps UE to cancel its UL grant and avoid collisions in error scenarios. 
To reduce the overhead N-bit toggling instead of burst ID can be used.
Proposal 4: The burst ID, e.g. N-bit toggling, is included in the cPDCCH to facilitate the two-stage grant.
Based on the above discussion, we propose following table with signaling indicated by cPDCCH 

Table 1: cPDCCH contents for eLAA
	Field
	Bit Length

	Duration of current and next DL subframe
	4

	UL burst duration  
	4

	Burst-ID
	2



3. Conclusions
In this contribution, the design details on cPDDCH were discussed from various aspects and the following proposals were made. 
Proposal 1: The LBT type is indicated via UL grant. 
Proposal 2: cPDCCH indicates UL burst duration instead of RCOT. The indication is the number of contiguous UL subframes that belong to the same transmission opportunity. 
Proposal 3: The UL burst duration is indicated in cPDCCH in the preceding DL subframe n-2 and n-1, where n is the index of the first UL subframe in the indicated UL burst duration.  
Proposal 4: The burst ID, e.g. N-bit toggling, is included in the cPDCCH to facilitate the two-stage grant.
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