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1. Introduction

In RAN1 #84, the following were agreed:

Agreement:
· In Rel-14 LAA, UL grant(s) for a UE in a subframe can enable PUSCH transmission for the UE in multiple subframes in LAA SCell for both cross-cc scheduling case and self-scheduling case.
· FFS: Detail

Agreement:
· For UL transmission in eLAA Scells, flexible timing between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s) is supported
· Working assumption: The minimum latency is 4ms


Agreements:
· For eLAA, flexible timing between UL grant and UL transmission is supported
· For the details of UL grant(s) for a UE in a subframe enabling PUSCH transmission for the UE in multiple subframes in LAA SCell, at least the following options are considered
· Option 1) Single UL grant in a subframe for a UE can schedule N (N1) PUSCH transmissions for the UE in N subframes with single PUSCH per subframe
· FFS: N is consecutive or non-consecutive
· Option 2) Single UL grant in a subframe for a UE can schedule single PUSCH transmission in a single subframe while UE can receive multiple UL grants in a subframe for PUSCH transmissions in different subframes
· Option 3) Single UL grant in a subframe for a UE can enable the UE to transmit single PUSCH transmission  among one of the multiple subframes depending on UL LBT result
· FFS: Two stage grants. A common semi-persistent grant provides high level information (e.g. RB allocation, MCS etc.) and a second grant in a subframe for a UE can schedule PUSCH transmissions following options 1 and 2 for certain UL subframes.


 In this paper, we consider the control channel design for eLAA by examining the three options provided.
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Compared with WiFi, the support of HARQ can be an important feature in eLAA. HARQ allows a link to be operated with a tradeoff between throughput and latency seen fit by eNB.  

To minimize blind detection at UE, it is beneficial that DCI formats for uplink transmission (DCI format 0 and DCI format 4)  have the same size as a DL DCI format such as DCI format 1A. 
We can differentiate two cases:
 For self-scheduling, DCI format 0,  DCI format 1A, DCI format 3 and DCI format 3A can be designed to have the same size so the number of blind detection does not increase. From the examination below, we will see that the DCI format 0 at a LAA Scell in eLAA is likely to have more bits than the DCI format 0 on a licensed carrier. Padding bits can be added to DCI formats 1A, 3, 3A at a LAA SCell so they have the same size as DCI format 0 at a LAA Scell. 

For cross-carrier scheduling, it may be necessary to use padding bits to both DCI formats 0 and 1A at a licensed carrier where UL grants for a LAA Scell are sent, in the UE-specific search space, so they have the same size as the DCI format 0 for the LAA Scell which is sent from the licensed carrier.
Following the same logic, it is also possible to use padding bits to the DCI format 0 for the LAA Scell so it has the same size a transmission mode-specific DCI format at the licensed carrier where UL grants for the LAA SCell are sent. 


DCI format design with Option 2
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Figure 1 Fields for Option 2

In figure 1, we provide an example for option 2.  From [5], 10 bits are needed to signal the resource allocation for uplink transmission, potentially over multiple subframes. 

NDI, HARQ index and redundancy version can be jointly signaled:
In Figure 2, it is shown there are 5 states for a HARQ process: New data, RV=0 (retransmission), RV=1(retransmission), RV=2(retransmission), RV=3(retransmission). Redundancy version (RV) 0 is assumed for a new data.  The same HARQ process with "New data" is an implicit acknowledgement that the previous transmission on the same HARQ process is successful, the new transmission takes a MCS level from 0~28 as indicated in the DCI. If the eNB does not schedule further uplink transmission on the same HARQ process for the UE, a code state with the value for the MCS level  at 29, 30 or 31 can be used with "New data" to acknowledge a previous transmission with giving a new UL grant.

"Uplink subframe index" can take the meaning that "0" is for uplink transmission in subframe n+4, and "1" is for uplink transmission in subframe n+5.   

Instead of introducing a new field in the DCI format, another way to signal "Uplink subframe index" is to use masks over the CRC  e.g. [0000 0000 0000 0000], [1111 0000 1111 0000] etc.
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Figure 2 5 states for a HARQ process

DCI design with Option 1 and HARQ acknowledgement 
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Figure 3 Example for option 1, 11 bits are budgeted for  NDI, HARQ Index, RV, and multiple subframe allocaiton.

With option 1, we first note the some fields need to take new meanings:
· Tx power control command: all the scheduled uplink transmissions by this DCI should take the same Tx power control command (differentiation between accumulative & absolute)
· CSI request: the meaning should be to request CSI in the first UL.

We can consider a few alternatives in HARQ support:
1. approach 1:
a. If no HARQ is supported, then there is no need to signal 
i. HARQ index or
ii. redundancy version or 
iii. NDI.
b. Every transmission is a new transmission.
2. approach 2:
a. If HARQ (Chase combining) is supported, then HARQ process indices are indicated.
b. NDI is a vector now as each indicated HARQ process needs a NDI.
3. approach 3:
a. If HARQ (Incremental redundancy) is supported, then we can signal NDI, HARQ process index and redundancy version jointly as shown in Figure 2 for each used HARQ process. Further consideration is provided below.


As stated before, it is important to retain the capability of HARQ support in eLAA, and Approach 3 is preferred for us. 

With Approach 3, we can examine the number of bits needed to jointly signal HARQ process index, redundancy version and subframe index. 

The toal number of code states is given by


	




where  is the number of states including “New Data” and redundancy version;  is the maximum number of HARQ process (say 8) supported for an eLAA UL carrier,  is the maximum of suframes which can be  scheduled by one DCI. We also allow non-contiguous subframes scheduled in one DCI. For example, when , two granted subframes can be subframes {k, k+1}, {k+1, k+2}, or {k, k+2}, where subframe k is a reference timing say k = n+4. If only contiguous subframes can be scheduled in one DCI, then the number of code states can be reduced. 
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Figure 4 Joint signaling of NDI, RV and subframe scheduling



We note in this case, there is no simple way to acknowledge the previous HARQ transmissions: If HARQ bundling is not used, then each previously used HARQ process needs to be acknowledged separately and one cannot use the design for Option 1. Then in this case, the physical channel design for PHICH can be revived for uplink  HARQ acknowledgement and a new design is also necessary:
· First an Nack from PHICH does not trigger a retransmission as asynchronous HARQ is used eLAA;
· the PHICH resource to acknowledge an HARQ transmission is determined according to the resource interlace (e.g. the lowest resource interlace index), DMRS cyclic shift and timing the PUSCH transmission (e.g. subframe index of PUSCH transmission, or a relative timing with respect to a reference). 
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In this contribution, we provide our views on control channel design.
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Nmax Nt # of bits with joint signaling
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image1.emf
Fields in eLAA DCI format 0 # of bits in Option 2 Note

Format 0/1A flag 1

Frequency hopping flag   Removed

resource allocation    Removed

MCS 5

NDI   Removed

Tx power control command 2

cyclic shift for DMRS 3  

CSI request 1

SRS request 1

resource allocation type   Removed

CRC 16

HARQ Index and redundancy version 5

Resource interlace allocation 10

bitmap for resource 

interlace(s)

uplink subframe index 1  

Total 45
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image3.emf
Fields in eLAA DCI format 0 Option 1 Note

Format 0/1A flag 1

Frequency hopping flag   removed

resource allocation    removed

MCS 5  

NDI    

Tx power control command 2

its meaning is 

clarified so power 

control command is 

applied only once

cyclic shift for DMRS 3

there may be a room 

to shift the DMRS to 

randomize 

interference

CSI request 1

only applied to the 

first UL

SRS request 1

only applied to the 

first UL

resource allocation type   removed

CRC 16

NDI, HARQ Index and redundancy version and 

multiple subframe allocation

11

signalled jointly 

with "Multiple 

subframe allocation"

Resource interlace allocation 10

bitmap for resource 

interlace(s)

Total 50


