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1. Introduction
In last RAN1#48 meeting, high level concepts for downlink CCH allocation are agreed [1]. For further progress, we discuss more details regarding PDCCH structure in first ‘n’ OFDM symbols [2] and suggest some principles in PDCCH design.
2. PDCCH design principles
1. One PDCCH is transmitted within one OFDM symbol

For easy discussion, we define a term ‘CCH unit’ which means a unit of RE group where one minimum size PDCCH can be mapped to one CCH.

In general, there are two alternatives in  multiplexing PDCCHs within ‘n’ OFDM symbols. In one alternative, each CCH unit is defined to consist of REs in ‘one’ OFDM symbol and one PDCCH is transmitted by one or multiple CCH units in a same OFDM symbol. The other alternative is to define each CCH unit to consist of REs distributed over n OFDM symbols so that one PDCCH is transmitted over n OFDM symbols. The two alternatives are illustrated in figure 1 below.
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Figure 1    Illustration of two alternatives for PDCCH
Distributing one PDCCH over n OFDM symbols may provide more flexibility in TxP sharing between all the PDCCHs within first n OFDM symbols. However, even when one PDCCH transmission is limited within one OFDM symbol, eNode-B scheduler may achieve enough flexibility by caring PDCCH transmission order over n OFDM symbols. Moreover, distributing one PDCCH over n OFDM symbols has the following demerits.
( CCH unit design and corresponding PDCCH-to-CCH unit allocation should be changed depending on the n value, which involves more complicated specification. It also involves complexity in allocating PDCCH TxP or MCS since some OFDM symbols carry RS and some don’t.
( When a UE misinterprets or fails to detect n value, the UE has no chance to decode PDCCH transmitted to that UE since PDCCH structure varies according to the n value.
( A UE should always receive 3 OFDM symbols to decode paging indication (paging indication may be transmitted via 1st OFDM symbol preferably for UE DRX).

Therefore, we suggest limiting one PDCCH within one OFDM symbol (with a possible exception of an OFDM symbol “corner” case)
2. Semi-statically fixed PDCCH MCS level to each UE

There are two alternatives in adapting MCS level of PDCCH transmission. One is to configure PDCCH MCS level for each UE semi-statically according to the path-loss and downlink interference level to each UE, while compensating dynamic channel variation to each UE by adjusting TxP of PDCCH. The other alternative is to enable eNode-B scheduler to select arbitrary MCS in PDCCH transmission for a UE every subframe.
We evaluated the efficiency of the two alternatives in system level simulation [3], and observe that there is no significant difference between two alternatives in the viewpoint of control channel overhead and cell throughput. With this observation and considering the fact that semi-static MCS adaptation can reduce the blind decoding burden at UE side, we suggest fixing PDCCH MCS level to each UE semi-statically.
3. PDCCH multiplexing with modulo-2 structure for multiple MCS levels
It is already suggested that a modular structure is applied to multiplex different sizes of PDCCHs [4]. We support this idea and especially we support modulo-2 structure since we consider basic code rates of 2/3, 1/3 and 1/6 for PDCCH transmission.

Figure 2 illustrates modulo-2 structure for PDCCH multiplexing. With this structure, eNode-B scheduler should keep the restriction that a PDCCH transmission starts from fixed boundaries according to its size as shown in figure 2. However, this structure can greatly reduce the number of hypotheses of blind decoding at UE side, which is illustrated in figure 3 and figure 4. If a dynamic Cat0 signaling informs of number of CEs or number of UEs scheduled in a subframe, UE blind decoding trial can be reduced by transmitting PDCCH in a preset order which is known to UEs. On the other hand, if we assume a PDCCH can be transmitted in any position within modulo-2 structure, candidate PDCCH position set for each UE can be still reduced compared to the case of, for example, fully flexible allocation by CE-level as shown in figure 4.
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Figure 2    Illustration of modulo-2 structure for PDCCH
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Figure 3    Example of PDCCH transmission (with dynamic Cat0 signaling): different colours indicate PDCCH transmissions to different UEs
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Figure 4     Example of candidate PDCCH sets (without dynamic Cat0 signaling): different colours indicate candidate PDCCH sets for different UEs

4. Flexible multiplexing between PDCCHs for DL scheduling and UL scheduling

In an OFDMA system, it is important to utilize the limited time-frequency resource efficiently. To support both efficient resource utilization and enough scheduling flexibility, we think that flexible multiplexing of PDCCHs for DL and UL within first n OFDM symbols should be possible. For this purpose, it is desirable having same PDCCH size set for both DL and UL scheduling. Or else, PDCCH sizes for both DL and UL DPCCH may be set to multiple times of the minimum PDCCH size among PDCCH sizes for both DL and UL.
Actual identification between DL and UL scheduling commands at a UE side can be done by two other ways depending on the scheduling information design, that is,
( If DL and UL scheduling information can be fit into same number of bits: 1 bit DL/UL identifier can be included in the scheduling information.

( If number of DL and UL scheduling information bits is different to each other: DL/UL scheduling commands are identified by blind decoding.

5. Conclusions

We suggest the following principles in PDCCH design to simplify the specification and to reduce the UE blind decoding burden.
( One PDCCH is transmitted within one OFDM symbol in principle.

( PDCCH MCS level is semi-statically fixed to each UE.

( PDCCHs with different sizes are multiplexed with modulo-2 structure.

( DL and UL PDCCHs are multiplexed flexibly. For this purpose, DL/UL PDCCH sizes are set to multiple times of the minimum PDCCH size among DL/UL PDCCH sizes.
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