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1. Introduction

In the past two meetings (RAN1-86b and RAN1-87 meetings), the design of DL control channel for NR were discussed and some agreements were reached.  Among them are: 
(R1-86b meeting)

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.

(R1-87 meeting)
Agreements:
· At least for single-stage DCI design:

· A control resource set (formerly called control subband) is, in the frequency domain, a set of PRBs within which the UE attempts to blindly decode downlink control information

· The PRBs may or may not be frequency contiguous

· A UE may have one or more control resource sets

· Working assumption: One DCI message is located within one control resource set

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

· when the control resource set spans multiple OFDM symbols, NR support a  control channel candidate to be mapped to multiple OFDM symbols or to a single OFDM symbol
· The gNB can inform UE which control channel candidates are mapped to each subset of OFDM symbols in the control resource set. FFS: details of the signaling (implicit or explicit)

At RAN1-87 meeting, it was also discussed to introduce one common channel similar as PCFICH in LTE with maybe the following content

· NR supports an L1 broadcast control channel at least for sub6 case (single beam) indicating the slot structure, and potentially indicates one or more of the following examples

· Reserved resources

· CFI for number of DL control symbols

· Information related to aperiodic CSI-RS transmission

· Other information not precluded

· FFS: Detail design of the L1 broadcast control channel

· Where/how frequent to send the L1 broadcast control channel

· Example: One fixed NR-CCE

· Payload size, coding, CRC added or not

However, no conclusion was drawn. 

An email discussion on NR DL control channel was launched after RAN1-87 meeting on a number of subjects. In this contribution, some aspects from that email discussion are described and analyzed in brief and our views are provided.
2. Design aspects for DL PDCCH in NR

2.1. Multiplexing PDCCH in one PRB
One of the FFS points as reached in RAN1-86b meeting as quoted above relates to how to exploit frequency diversity by spreading out the RBs carrying one PDCCH in the frequency domain. The questions from this intention that needs to be clarified is
· Is a PRB used by one CCE only, i.e. multiple PDCCHs cannot be mapped to the same PRB?

From RAN1-87 meeting, it was agreed that in frequency-domain, a PRB is the resource unit size (may or may not including DM-RS) for control channel. That means in frequency domain, a PRB would belong to one CCE and therefore, multiple PDCCH can’t share it. However, if one PRB has multiple OFDM symbols, as shown in figures 1 and 2, this may not be the case.  Figure 1 shows a control resource set contains contiguous PRBs, and one can see that multiple PDCCH(s) could be mapped to different symbols in the same PRB. In figure 2, a number of distributed PRBs are shown to obtain the frequency diversity gain, multiple PDCCH(s) could also be mapped to different symbols in the set of PRBs to explore the frequency diversity gain. So the following  clarification may be worth to be confirmed. 
Proposal:
· A PRB with 12 RE in frequency and one symbol in time is the control resource unit size for control channel. 

[image: image6.bmp]
Figure 1:  Example 1 for multiplexing multiple PDCCH in a PRB


[image: image2]
Figure 2:  Example 2 for multiplexing multiple PDCCH in a PRB 
2.2. Time information for resource allocation in DCI
In LTE, the starting symbol for PDSCH is the same across the whole system bandwidth as the control region takes the whole of the first or several symbols of a subframe. In NR, the situation changes mainly due to that the control region may only occupy a portion of the frequency bandwidth of the whole system bandwidth. The motivation is to save the UE efforts to search for its PDCCH across the whole system bandwidth which could be very wide compared with that of LTE,  especially at higher frequency. The issue from this change is however, the start symbol for PDSCH may not be the same anymore for different PRBs as shown in Figure 3.  Other cases arisen from NR include the cross-slot scheduling, scheduling different sub- carrier spacing (SCS) resources, self-contained slot with DL/UL transmissions, UL PUSCH multiplexing with short format UCI, which have one thing in common, that is there exists a need to indicate the time domain information of scheduled resource for PDSCH/PUSCH in addition to those in frequency domain.  Such time domain information may include start/end OFDM symbols and/or the duration of the scheduling unit in time domain.  Using common channel to broadcast such information (or broadcast that of the control region) could be one way to resolve this, however, this solution may not solve every cases where there is a need to indicate the time domain position of the scheduling unit. It is therefore believed that as an unified solution,  such indication could be transmitted in DCI as part of the PDSCH/PUSCH resource allocation. 
Proposal:
· Consider to include the time domain information as part of resource allocation in DCI for PDSCH and PUSCH scheduling. 

[image: image3]
Figure 3:  Example of start symbol of PDSCH in NR
2.3. Transmission of common channel
As mentioned earlier, in RAN1-87 meeting, a PCFICH–like common channel was proposed to broadcast some information such as slot structure (DL/UL split) and number of PDCCH symbol .  The need of PDCCH symbols is based on the assumption that PDCCH symbols could vary dynamically from slot to slot similar as that in LTE. By decoding this information, the UE then would know the size of PDCCH search space and where to find its PDCCH, it will also know the start of PDSCH if it decodes its PDCCH with downlink scheduling request. One issue with this common channel is 
· Must it be received by all scheduled/non-scheduled UEs? If so, how can this be handled in a system using analog beamforming (e.g. in mm-wave)?
As this common channel carry the important information for PDCCH, it certainly require scheduled UE to decode it as it directly impact if the UE could correctly determine the search space of PDCCH and therefore be able to find its PDCCH. It could also be used to infer the start of PDSCH so that UE could know where to start to decode the PDSCH.  For those non-scheduled UE, this channel may not need to be received by the UE depending on the content of this channel. In LTE, PICFICH channel carry the similar information of indication PDCCH symbols and is transmitted in the 1st symbol of the a subframe with very high reliability (higher than PDCCH). In NR, it could also be transmitted in the 1st symbol of the slot so that UE could decode this first before starting the rest of PDCCH searching.  In the situation that beamforming (BF) is applied to PDCCH, the OFDM symbols in PDCCH region may be divided and each symbol maybe used to send PDCCHs to different groups of UEs using different beams.  In that situation, as this common channel needs to be received by all the UE scheduled by the gNB, as shown in Figure 4, it could be transmitted in different OFDM symbols where different analog  beams are used. 
Proposal:

· Common channel with information on slot structure and PDCCH symbols could be transmitted on different symbols with  different beams 

[image: image4]
Figure 4:  Common channel transmission in BF 
3. Conclusions
In this contribution, some aspects for 5G NR PDCCH arisen by the email discussion are described/analyzed in detail  and our views are summarized as follows
Proposal :  
· A PRB with 12 RE in frequency and one symbol in time is the control resource unit size for control channel. 

· Consider to include the time domain information as part of resource allocation in DCI for PDSCH and PUSCH scheduling.
· Common channel with information on slot structure and PDCCH symbols could be transmitted on different symbols with  different beams 
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