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Discussion
In LTE, the starting data symbol and control region length are indicated by PCFICH. In NR, in order to have competitive performance with LTE, some mechanism to share control and data region is required.
NR carrier bandwidth in RAN1 situation is following:
	Agreements:
· From RAN1 specification perspective, maximum channel bandwidth per NR carrier is 400 MHz in Rel-15
· Note:  final decision on the value  is up to RAN4
· From RAN1 specification perspective, at least for single numerology case, candidates of the maximum number of subcarriers per NR carrier is 3300 or 6600  in Rel-15
· FFS: For mixed numerology case, the above applies to the lowest subcarrier spacing
· Note: final value for a given channel BW is up to RAN4 decision



As one NR carrier can be 400 MHz and at least 3300 subcarriers, just to indicate the starting symbol of data (i.e. time domain sharing only) is not enough. One PDCCH of 60 bits with QPSK coding rate 1/2 requires 60 REs. Even if 10 UEs are simultaneously scheduled, only 600 REs are used when all PDCCHs are located in the same OFDM symbol. Compared with 3300 REs in an OFDM symbol, 600 REs are only 18 % resource utilization. Therefore, we propose following.
Proposal 1: 	NR supports dynamic sharing between control and data region. The dynamic sharing is not only time domain but also frequency domain.

In addition to wider band operation, NR supports multiple kinds of different bandwidth capabilities in a NR carrier. Some UEs would have rather narrower bandwidth capability and other UEs have wider bandwidth capability. Even if UE is wideband capable, in order to reduce power consumption, PDCCH reception bandwidth can be set as narrower. To allow such operation, the system needs to be designed that multiple different CORESETs are monitored simultaneously in a slot by multiple UEs. Which CORESETs are really used in a slot is depending on gNB scheduler. There is a case that UE attempts to decode PDCCH in a CORESET but the whole CORESET is actually used for PDSCH by the scheduler. Dynamic sharing between control and data needs to be supported in both cases where other CORESETs are used by the other UEs and other CORESETs are not used by the other UEs.
Proposal 2: 	Dynamic sharing between control and data takes into account the cases that multiple CORESETs are used and not used simultaneously in a slot.

Based on proposals 1 and 2, following method would be suitable for dynamic sharing between control and data region.
1. Multiple candidates of time-frequency reservation patterns are semi-statically configured. The network configures CORESETs within these time-frequency reservation patterns.
2. UE decodes PDCCHs based on its understanding of CORESETs. The network dynamically indicates which time-frequency reservation pattern are used in this slot within group common PDCCH or UE specific PDCCH. Based on the informed time-frequency reservation patterns related to the control/data resource sharing and the informed PRB assignment for the scheduling, UE decodes PDSCH.
One example of multiple time/frequency reservation patterns is illustrated in Figure 1. By operating the above method, UE is not required to know other than assigned CORESET usage. The network has the responsibility that time-frequency resource pattern is a super-set of used CORESET. The CORESETs that are monitored by the UE are not required to be aligned with the actual used CORESETs.

 Figure 1 Illustration of an example of multiple time/frequency reservation patterns
Conclusion
In this document, we discussed the method for control and data region sharing. We propose following.
Proposal 1: 	NR supports dynamic sharing between control and data region. The dynamic sharing is not only time domain but also frequency domain.
Proposal 2: 	Dynamic sharing between control and data takes into account the cases that multiple CORESETs are used and not used simultaneously in a slot.
[bookmark: _GoBack]In order to satisfy above proposals, following method is proposed.
1. Multiple candidates of time-frequency reservation patterns are semi-statically configured. The network configures CORESETs within these time-frequency reservation patterns.
2. UE decodes PDCCHs based on its understanding of CORESETs. The network dynamically indicates which time-frequency reservation pattern are used in this slot within group common PDCCH or UE specific PDCCH. Based on the informed time-frequency reservation patterns related to the control/data resource sharing and the informed PRB assignment for the scheduling, UE decodes PDSCH.
In [2] and RAN1 NR email reflector during June  2017 have the discussion on how to realize data and control sharing signalling with "Slot format related information (SFI)".
The proposal in this contribution is in line with WF on PDCCH/PDSCH resource sharing [3].
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