
3GPP TSG RAN WG1 Meeting #86bis                                                                 R1-1608676
Lisbon, Portugal 10th - 14th October 2016

Source:	ZTE, ZTE Microelectronics
[bookmark: Title]Title:	Discussion on Control Channel Design for NR
[bookmark: Source]Agenda Item:	8.1.7.1
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction
New Radio (NR) Access Technology Study Item has been approved in the RAN#71 meeting [1]. In the past RAN1 meetings for NR, some discussions on control channel design were conducted. And in RAN1 #86, some agreements were reached about DL control channel design [2]:
· Study the relationship of beam(s) used for L1 control channel and beam(s) used for data channel
· E.g. Using different beam width for data and control
· E.g. Using different beam directions for data and control
· E.g. At least one beam is shared by data and control
· E.g., same beam for data and control
In this contribution, we give our discussions and some proposals on DL and UL control channel design for NR, and beam management about DL control channel is discussed in our companion contribution [3].
Discussion on DL control channel design
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Considering that NR will face various applications and larger frequency band range (up to 100GHz), the robustness and flexibility of downlink control channel is very important. As a result, just as mentioned in our other contributions [4][5], multi-level/component control channel design should be considered in NR. The example of multi-level downlink control channel and multi-component downlink control channel is shown in Fig 1 and Fig 2 respectively. As also indicated in [6], 2-level control can also reduce the processing delay and facilitate fast response.
[image: ]
Fig. 1 Example of multi-level downlink control channel
As shown in Fig. 1, in order to increase the flexibility of control channel, a two-level control channel structure is introduced. The TU #1, #5, are configured to transmit the first level control channel and the second level control channel, and the TU #2, #3, #4, #6, #7, #8 are configured to transmit the second level control channel.
[image: ]
Fig. 2 Example of multi-component downlink control channel
As shown in Fig. 2, the TU #1, #2, #3, #5, #6, and #7 are configured to transmit control channel component transmitted by narrow beam, and the TU #4, #8 are configured to transmit control channel component transmitted by wide beam or narrow beam, which is decided by the TRP. Different receive beam(s) may be for different control channel component.
There may be different characteristics for different level/component of control channel. For example, some level/component of control channel may have better performance in terms of robustness, while some other level/component of control channel have been paid more attention on spectral efficiency achievement. For instance, gaining more robustness is designed for the first level/component of control channel, such as that with low coding rate, based on wide beam(s), transmit diversity and repetition, etc. While the second level/component is design for more spectral efficiency gaining, such as that with higher coding rate, based on narrower beam(s), spatial multiplexing, and so on. Table 1 gives summary for some potential typical characteristics for different level/component control channel assuming that there two levels/components:
Table 1 Example of characteristics for multi-level/component control channel
	Characteristics*
	1st level/component control channel
	2nd level/component control channel

	1
	low/fixed code rate which can be blind decoded
	high/dynamic code rate which is decoded on indication

	2
	wide beam(s)
	narrow beam(s)

	3
	low/fixed modulation level
	high/dynamic modulation level

	4
	transmit diversity
	spatial multiplexing

	5
	transmit at first carrier
	transmit at second carrier

	6
	long period between two transmissions
	short period between two transmissions

	7
	wide frequency band
	narrow frequency band

	8
	high aggregation level
	low aggregation level

	*Note: Each level/component control channel can have one or more characteristics of the above.


There may be different downlink control information (DCI) contents for different level/component of multi-level/component control channel. For example, the first level of control channel of multi-level control channel indicates the transmission information of the second level of control channel, while the second level of control channel indicates the transmission information of the data channel. For another example that, the multiple components of multi-component control channel are used to indicate the same DCI content but with different level of robustness, or indicate different part of the transmission information for a data channel, or indicate the transmission information for multiple data channels respectively.
Proposal 1: Multi-level/component control channel structure design should be considered in NR, and the DCI contents for each level/component need further study.
Discussion on UL control channel design
In LTE, the uplink control information (UCI) is carried via physical uplink control channel (PUCCH) and physical uplink data channel (PUSCH). For PUCCH, robust performance can be achieve best, but the amount of  UCI information carried in each PUCCH is very limited. While for PUSCH, the amount of UCI information carried is improved with robustness lost a lot. The PUCCH formats and the UCI carried in them are fixed and lack of flexibility.
For NR, a more flexible UL control channel design considering both robust and transmission efficiency should be considered. Similar to DL control channel design, a multi-level/component structure design could also be considered for UL control channel. Different level/component may have different level of robustness and transmission efficiency. The configuration of different level/component may be controlled by dynamic signalling. For example, multi-level PUCCH configuration can be configured by dynamic signalling for multi-level UL control channel. A resource pool can be shared by multiple PUCCH components. Different components of PUCCH can be carried various UCI contents. 
One possible multi-level structure for UCI could be transmitted in first-level DL control to facilitate the second-level of UCI. It can reduce the UCI overhead.
[bookmark: OLE_LINK1]Proposal 2: Multi-level/component structure design should be considered for UL control channel.
Control channel structure
For NR UCI content, it should include feedback like HARQ-ACK and CQI. To facilitate processing, UE should decode DL control, DL data, and Transmit ACK/NACK. Within each control, it is also preferred to have RS in front of each control channel to facilitate. As the beamforming will be quite common in NR operation, both DL and UL control channel should support DMRS. Since the DL data parts and DL control parts may not share same frequency resources and beams, they should be possible to have separated DMRS. Since NR design will consider to be map control in symbol-wise, the coverage of control will be reduced if only few symbols are used for control. Considering LTE UCI use entire subframe, this should be carefully studied especially for UL control. 
Proposal 3: Symbol-wise mapping of control channel should be considered. Both UL and DL control should consider to support front loaded DMRS
Conclusion
In this contribution, some considerations on DL and UL control channel design for NR are discussed. According to the discussion, the following proposals are made:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: Multi-level/component control channel structure design should be considered in NR, and the DCI contents for each level/component need further study.
Proposal 2: Multi-level/component structure design should be considered for UL control channel.
Proposal 3: Symbol-wise mapping of control channel should be considered. Both UL and DL control should consider to support front loaded DMRS
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