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1 Introduction
In the RAN1 #48, it was concluded that
· The UE monitors a set of candidate control channels

· The set of candidate control channels monitored by a UE can be configured by higher layer signaling
· The size of the candidate control channel set determines the maximum number of blind decoding attempts required by a UE
· The number of candidate control channels monitored may be larger than the number of control channel elements
So the monitoring set of PDCCHs of a UE is configured by higher layer signaling. However, it was also concluded that the available resource for the whole PDCCHs can be changed by means of the transmission of CCFI. Here, the question is how higher layer signaling can restrict the PDCCH monitoring set taking into account the total PDCCHs that can be varied every subframe.
This document raises the problem of the current assumptions and discusses preferable schemes for restricting PDCCH monitoring set of a UE considering the variable number of control channel elements (CCEs).
2 PDCCH restriction
2.1 Problem description
Figure 1 is showing the possible PDCCH candidate assuming that there are 4 CCEs. If CCFI indicates there are just 4 CCEs, then there would be 7 PDCCH candidates with different number of CCEs per one PDCCH. Under this assumption, higher layer signaling may explicitly indicate the PDCCH monitoring set for a UE with the 4 PDCCH candidates, 1, 3, 5, and 7 shown in Figure 1 with blue color.  
However, CCFI may indicate that there would be 8 CCEs in the next subframe, which results in total 15 PDCCH candidates as shown in Figure 2. If the same PDCCH set with the previous subframe is to be monitored by the UE, then the possible PDCCHs shown in blue color in Figure 2 are all using one single CCE – there is no PDCCH with more than one CCE, which would not be preferable in the view of having AMC function for PDCCH. Next section will discuss this issue and present a possible solution.
[image: image1.emf]CCE 1

CCE 2

CCE 3

CCE 4

P

D

C

C

H

 

c

a

n

d

i

d

a

t

e

 

1

P

D

C

C

H

 

c

a

n

d

i

d

a

t

e

 

2

P

D

C

C

H

 

c

a

n

d

i

d

a

t

e

 

3

P

D

C

C

H

 

c

a

n

d

i

d

a

t

e

 

4

P

D

C

C

H

 

c

a

n

d

i

d

a

t

e

 

5

P

D

C

C

H

 

c

a

n

d

i

d

a

t

e

 

6

P

D

C

C

H

 

c

a

n

d

i

d

a

t

e

 

7


Figure 1: PDCCH candidates with 4 CCEs
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Figure 2: PDCCH candidates with 8 CCEs
2.2 Criterions for PDCCH restriction
For the designing of the PDCCH restriction scheme, the following points should be taken into account 
1. PDCCH monitoring set should be determined taking into account the available CCEs in each subframe.
2. UE should be able to monitor multiple PDCCH MCS levels (number of CCEs per PDCCH) as many as possible in order to have efficient resource utilization by using channel adaptation for PDCCH. Here, the MCS level is determined by the PDCCH format and its channel coding rate.
3. Higher layer signaling overhead should be minimized.
2.3 PDCCH restriction scheme
WCDMA PICH structure uses random function using the UE ID, system frame number (SFN), and a simple higher layer signaling for determining the exact position of the paging indicator of a UE among a possible plurality of the PI positions. The reason of using the random function is to make the distribution of the PI position uniform and scatter the PIs of multiple UEs to the whole PI positions as much as possible. 
Since the total PDCCH set is configured by CCFI every subframe, the explicit signaling of PDCCH indexes of monitoring set would not be the preferable choice. PICH-like scheme might be one possible solution for PDCCH monitoring set restriction. One difference is that the random function should determine more than one PDCCH (rather than determining one PI position). 
If a certain function, called “PDCCH monitoring set determination function” hereafter,  restricting the PDCCH monitoring set of a designated subframe is pre-defined, both eNB and UE can figure out which PDCCH is to be used for the UE and which PDCCH is to be received in that subframe. In order to have channel adaptation for the PDCCHs transmitted to the UE, it is beneficial to guarantee that the PDCCH monitoring set includes multiple MCS levels of PDCCHs at every subframe. It can be satisfied by 
· configuring multiple MCS levels to be monitored, and

· having the PDCCH monitoring set determination function performed for each PDCCH MCS level separately. 
Higher layer signaling just prescribes the PDCCHs for each MCS level, e.g. by signaling the number of PDCCHs to be monitored per each PDCCH MCS level. 

Figure 3 is illustrating one simple structure for determining PDCCH monitoring set of a UE using the PDCCH monitoring set determination function whose parameters are CCFI information, UE ID, subframe number, and higher layer signaling for each PDCCH MCS level.
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Figure 3: determination of the PDCCH monitoring set

The outputs of the PDCCH monitoring set determination function point the addresses of the starting CCEs of the PDCCH candidates. The number of CCEs constructing a PDCCH is determined by MCS. Therefore, the PDCCH monitoring set determination function enables UEs to recognize which CCEs should be monitored and decoded with the PDCCH monitoring set determination function. Total number of blind detections is easily controlled by configuring how many outputs of the PDCCH monitoring set determination function are used each time the UE tries to decode the PDCCH.
3 Conclusion

In this document, we discussed about the PDCCH monitoring set. Explicit signaling of the PDCCH indexes is not preferable considering per-subframe change of resources for PDCCHs. Random function approach would be one possible solution for PDCCH restriction such as what we have for PICH in earlier releases. In addition, by using this function for each PDCCH MCS level separately; we would not lose the PDCCH channel adaptation gain.
Taking into account those aspects, we propose to adopt the followings for the regulation of PDCCH monitoring set.
· Semi-static configuration of PDCCH MCS levels for UE to monitor and their set sizes on per UE basis

· Multiple MCSs can be set to support efficient channel adaptation. 
· A function, “PDCCH monitoring set determination function”, to determine exact PDCCH monitoring set in each subframe depending on UE ID, number of PDCCHs per MCS, CCFI, subframe number, etc. 
· Total number of blind detections is easily controlled and PDCCHs transmitted to different UEs are evenly distributed over the search space as well.
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