3GPP TSG RAN WG1 Meeting #87                 

R1-1611835
Reno, USA 14th - 18th November 2016

______________________________________________________________________ Agenda item: 7.1.4.1
Source: LG Electronics

Title: Discussion on resource unit for control channel
Document for: Discussion and decision
1. Introduction
In RAN1#86bis meeting [1], following agreements were made regarding resource unit for DL control channel: 

	Agreements:

· NR should support at least the following.

· In frequency-domain, a PRB (or a multiple of PRBs) is the resource unit size (may or may not including DM-RS) for control channel

· This is at least for the case where the DL control region consists of one or a few OFDM symbol(s) of a slot or a mini-slot

· FFS: whether a PRB or a multiple PRBs is the resource unit size

· FFS: If multiple PRBs is the resource unit size, the multiple PRBs are contiguous

· FFS: whether the resource unit size for a DL control channel is called as NR-REG or not

Agreements:
· NR should support at least the following

· A DL control channel can be mapped on one or more NR-CCEs

· This is at least for the case where the DL control region consists of one or a few OFDM symbol(s) of a slot or a mini-slot

· A NR-CCE includes a positive integer number of PRBs (FFS: exact value)
· FFS: whether a NR-CCE contains contiguous PRBs

· FFS: whether multiple NR-CCEs may share one or more PRBs
· FFS: whether NR-CCE is mapped on frequency-domain only or on both frequency and time-domain.


In this contribution, we discuss design of resource unit for DL control channel including NR-REG, NR-CCE, and REG-to-CCE mapping method. 
2. Discussions 
2.1. Definition of NR-REG
As discussed in our companion contribution [2], to support dynamic control channel capacity, variable control region in time needs to be supported. When control region size can change dynamically, it is generally considerable to allocate a NR-CCE locally within a PRB, particularly when UE/PDCCH-specific DM-RS is used. In this case, it could be beneficial to have a resource unit defined which is not changed regardless of control region size in frequency/time. Moreover, in the perspective of time-domain, considering multiple beam direction mechanism using analog beam-forming, it is necessary to support DL control channel to be transmitted in a single OFDM symbol. Furthermore, considering frequency diversity gain as well as interference diversity gain, it can be considered to support distributed mapping for DL control channel. In this case, even for single DL control information with small aggregation level, it will be desirable if it can be transmitted over multiple distributed PRBs. In this point of view, single PRB seems sufficient to be a minimum resource unit size in frequency domain for DL control channel. If multiple contiguous PRBs are set to be a resource unit for DL control channel, distributed scheme will not be used when the amount of DL control information is small. 
In those points of view, the basic resource unit needs to be defined by a single PRB within a symbol. 
Also, it is expected that some NR-REG may have DM-RS, and some may not have DM-RS. For example, shared RS is used, NR-REGs sharing DM-RS may not carry additional RS. Also, when localized resource mapping in time domain is used, UE/PDCCH-specific DM-RS may be transmitted only in the first OFDM symbol. In terms of Demodulation RS handling, we prefer to count REs used for DM-RS to have the same RE always in NR-REG where DM-RS can be rate matched by control.  
Proposal 1: The basic resource unit (e.g. NR-REG) consists of a single PRB in a symbol (i.e., 12 RE) for DL control channel in NR. 
2.2. Definition of NR-CCE
Basically, NR-CCE can be seen as a minimum resource block for DL control channel to be mapped in NR, and it will consist of multiple NR-REG described in Section 2.1. Depending on the target scenario, optimal form of transmission for DL control channel could be varying. For instance, if multiple beam direction mechanism using analog beam-forming is used, it would be beneficial that multiple NR-REGs for a NR-CCE need to be mapped within a single symbol. In this case, for a given time duration, multiple UEs with different beam direction can be supported. 
For another aspect, considering coverage enhancement, it is necessary to support that DL control channel is transmitted over multiple symbols. In this case, NR-CCE could consist of NR-REGs in different symbols. Especially for extreme coverage scenario, it can be considered that DL control channel is transmitted over entire slot or mini-slot since it is unclear whether DL control channel transmitted over few symbols guarantees sufficient detection performance at UE side. 
Proposal 2: Support multiple NR-REG-to-NR-CCE mapping considering target scenario and channel condition. 
2.2.1. NR-REG-to-NR-CCE mapping
In this subsection, we provide possible candidates for NR-REG-to-NR-CCE mapping considering various target scenarios and mapping methods (e.g. localize/distributed) in time-frequency resources. 
· Option 1: NR-CCE is distributed across time and frequency.
In this approach, constituent NR-REGs for a single NR-CCE would be distributed in both time and frequency domain as shown in Figure 1-(a). For a given time duration, since lots of frequency resources can be used for a NR-CCE, it would be beneficial in terms of frequency diversity gain. However, since each NR-REG needs to have reference signals, RS overhead would be excessively large. Alternatively, it can be considered that multiple NR-CCEs share the same RS. If NR-CCEs are associated with different DL control channel or UE, there would be restriction on precoding selection. The detailed description is in our companion contribution [3]. 
· Option 2: NR-CCE is distribution across frequency and localized in time.

In this case, constituent NR-REGs for a single NR-CCE would be distributed in frequency domain in a unit of contiguous multiple symbols as shown in Figure 1-(b). Since for a given frequency region the constituent NR-REGs would be adjacent each other, it can be considered that multiple adjacent NR-REGs for the same NR-CCE share DMRS, therefore, it is possible to apply precoding to DMRS for a given UE. Note that in general different precoding matrix will be used for different frequency regions. Furthermore, in this option, frequency diversity gain can be achieved. 
· Option 3: NR-CCE is localized in time and frequency.

Constituent NR-REGs for a single NR-CCE are adjacent each other in both time and frequency as shown in Figure 1-(c), 1-(d), and 1-(e). In this option, the frequency diversity gain would be much smaller than other options. Instead, applying precoding would be much simpler since it is possible that the same precoding is performed for multiple contiguous PRBs. For coverage, it can be considered that the constituent NR-REGs for a NR-CCE are mapped on the same frequency region in contiguous multiple symbols. There are three possibilities as follows:
· Option 3-1: NR-CCE is localized in frequency in a symbol.

· Option 3-2: NR-CCE is localized in time with a single frequency resource.

· Option 3-3: NR-CCE is localized in time with a multiple contiguous frequency resources.
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Figure 1: Examples of NR-REG-to-NR-CCE mapping. 

Considering multiple-beam operation, constituent NR-REGs for a single NR-CCE will be in a single symbol. In fact, it is generally preferred that one control channel spans only one OFDM symbol. In this case, possible candidates for NR-REG-to-NR-CCE mapping would be (1) NR-CCE is distributed in frequency, and (2) NR-CCE is localized in frequency. Furthermore, to support different beam direction symbol by symbol, NR-REG and/or NR-CCE indexing could be performed per symbol as if there is individual search space in every OFDM symbol as shown in Figure 2. 
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Figure 2: Examples of NR-REG-to-NR-CCE mapping. 

Selection of option may depend on many aspects including single beam and multiple beam operation, localized and distributed resource mapping, shared and UE/PDCCH-specific RS, etc. Though it can be further considered, at least, some baseline mappings to consider could be as follows. 
	
	Localized Mapping
	Distributed Mapping

	Single beam (below 6 GHz)
	UE/PDCCH-dedicated RS, 
Option 3-2, Option 3-3
	Shared RS, 
Option 1 or 2

	Multi beam (above 6 GHz)
	UE/PDCCH-dedicated RS, 
Option 3-1
	Shared RS, 
Option 2’


Further consideration to maximize frequency diversity for higher aggregation levels with localized mapping, it can be also considered that CCE indexing can be done in a distributed manner. One example is as shown in Figure 3.
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Figure 3: Example of CCE indexin in a distributed manner with localized mapping for NR-CCE.
3. Conclusion
In this contribution, we discussed some consideration points on the design of resource unit for DL control channel for NR, and the followings are proposed:

Proposal 1: The basic resource unit (e.g. NR-REG) consists of a single PRB in a symbol (i.e., 12 RE) for DL control channel in NR. 
Proposal 2: Support multiple NR-REG-to-NR-CCE mapping considering target scenario and channel condition. 
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