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1	Introduction
Rel-14 NR study item [1] has been closed and a new Rel-15 WI dealing with New Radio Access Technology [2] has been approved. The work item should specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low-latency-communication (URLLC) as defined in [3]. The NR under this work item should consider frequency ranges up to 52.6 GHz.
The beamforming architecture used in the gNB needs to be taken into account also in the PDCCH design. This is due to the fact that not all the beam directions can be served simultaneously. This contribution relates to PDCCH transmission/reception in the case when cell is operating according to a multi-beam configuration. 
2	Discussion
2.1. 	Beam sweeping
The beam sweeping operation needs to be supported for PDCCH at least in the following scenarios:
· PDCCH transmission is triggering a common channel transmission/reception in the multi-beam scenario, for example paging.
· PDCCH transmission is triggering a shared channel transmission/reception (PDSCH, PUSCH) for an UE in the multi-beam scenario where the gNB has uncertainy related to the UE location within the cell. 
There are two main options for the PDCCH beam sweeping: 
· Option 1: Pre-defined OFDM/symbols and/or resource elements of the slots containing synchronization signal (SS) blocks are made available for the sweeping PDCCH. 
· Option 2: A separate PDCCH sweep block is provided for NR-PDCCH independently from the SS block. For example in the case of paging, a sweeping PDCCH could be used for scheduling PCH on NR-PDSCH after the scheduling sweep [4]. The principle of the PDCCH sweep block is shown in Figure 1. It is mapped to predefined PDSCH resources of the DL slot, or bi-directional DL slot. In the current example, each PDCCH sweep block can support four different set of beams. gNB can allocate one ore more PDCCH sweep blocks with given periodicity. The actual data transmission triggered by the PDCCH sweep block can be based on slots or mini-slots.   

Generally speaking, there seems to be a need for both options. Option 1 can be seen as a simple and straightforward solution with limited flexibility in terms periodicity. Option 2 can be seen as an optimized solution for different use cases, having full flexibility.

Proposal 1: Support sweeping PDCCH as part of synchronization signal block
Proposal 2: Support a separate PDCCH block sweep with NR-PDCCH independently from SS block.

As discussed in [4], each scheduling block in the PDCCH sweep could have association to an SS-block in the cell and hence the UE could determine the scheduling block and its transmission timing based on the SS-block timing in the SS sweep, and the given PDCCH block sweep configuration. Following this principle, the UE can minimize the PDCCH blind detection burden since it doesn’t need to monitor each symbol of the PDCCH sweep block. 
On the other hand, in principle there does not need to be dependency between SS-block and scheduling block and it should be discussed whether any advantages can be achieved using this approach. Following this principle, the UE needs to monitor each PDCCH symbol (CORESET) of the PDCCH sweep block. 

Proposal 3: PDCCH monitoring on the separate PDCCH block sweep supports association to an SS-block in the cell
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Figure 1. DL slot structure with PDCCH sweep block


2.2. Mini-slot based operation in the multi-beam scenario 
The following was agreed in TSG RAN WG1 #AH1_NR meeting:
· Take into account following targets/use-cases to design mini-slots:
· […]
· Support of finer TDM granularity of scheduling for the same/different UEs within a slot
· Especially if TRxP uses beam-sweeping (e.g., above 6GHz).
· […]

Mini-slot based scheduling is a way to provide finer TDM granularity of scheduling within a slot. There are two main approaches for mini-slot based scheduling shown in Figure 2 and Figure 3. 
1. Scheduling is made from DL control symbols located at the beginning of each DL slot (K0>0). 
2. Scheduling is made from PDCCH located at the beginning of each DL mini-slot (K0=0). 
It can be assumed that each CP-OFDM symbol of the slot can be processed using different Tx/Rx beams at gNB/UE.  
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Figure 2. DL slot structure with control symbols located at the beginning.
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 Figure 3. DL slot structure with control symbols located in each mini-slot

It can be noted that both scheduling options are supported already by previous decisions made by RAN1: 
1. It was agreed in RAN1 Ad-hoc that “Timing between DL assignment and corresponding DL data transmission is indicated by a field in the DCI from a set of values. The set of values is configured by higher layer”. Furthermore it was agreed in RAN1 #88bis that “Specification supports data channel having minimum duration of 1 OFDM symbol of the data and starting at any OFDM symbol to below-6GHz, in addition to above-6GHz”. These agreements indicate that operation mode according to principle shown in Figure 2 is supported already.  
2. It was agreed in RAN1 #88bis that “Specification supports occasion of "DL control channel monitoring" per 1 symbol with respect to the numerology of the DL control channel”. This agreement indicates that operation mode according to principle shown in Figure 3 is supported already.  

Based on the discussion above, it can be noted that there exist two main principles for mini-slot based scheduling in the multi-beam scenario. Both of them are supported by current agreements, and the selection can be seen as a gNB implementation issue.

Observation 1: gNB can select the operation mode for the mini-slot based scheduling in the multi-beam scenario from the following
1. Scheduling is made from DL control symbols located at the beginning of each DL slot (K0>0). 
2. Scheduling is made from PDCCH located at the beginning of each DL mini-slot (K0=0).

2.3. 	Beam diversity
One of the open issues related to multi-beam operation is how to provide robust operation under beam blockage. In order to support the necessary beam diversity it should be possible to transmit the same DCI via multiple beams using different OFDM symbols. Beam diversity can be achieved in such that precoder granularty in the time domain is defined to be one OFDM symbol:
· Option 1: time first mapping of REG-to-CCE. Beam diversity is achieved within each REG bundle. Following this option, beam diversity is available for each aggregation level.
· Option 2: frequency first mapping of REG-to-CCE. A PDCCH candidate is mapped to across OFDM symbols. Following this option, beam diversity is available only with the highest aggregation level. 
As discussed in [5] PDCCH DMRS has inbuilt support for Option 1 based on the agreement made in RAN1 Ad-hoc #2: “DMRS is mapped on all REGs on all the OFDM symbols of a given PDCCH candidate”
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Figure 4. Two main principles for achieving beam diversity in the case of CORESET with two OFDM symbols.

Proposal 4: Consider to support one OFDM symbol precoder granularity in the time domain for CORESETs with multiple OFDM symbols .

2.4. 	PDCCH monitoring in the case of multiple beam pair links (BPL)
One of the open items related PDCCH construction is how to arrange PDCCH monitoring in the case of multiple beam pair links. It has been agreed in RAN1 Ad-hoc #1 that “UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously” and “UE can be configured to monitor NR-PDCCH on different beam pair link(s) in different NR-PDCCH OFDM symbols”. 
We think that the most straightforward way to define PDCCH monitoring in the case of multiple BPLs is such that each CORESET can be associated with different BPL (including BPL -specific DMRS configuration). If beam diversity is configured (according to Proposal 4) then the association may change within the REG bundle. Different CORESETs corresponding to different BPLs can be mapped to the same or different OFDM symbols according to UE capability and network configuration. 
Proposal 5: Each REG bundle in the CORESET have similar association with different beam pair link(s)

In order to help UE PDCCH monitoring in the case of multiple BPLs, there is a need to support QCL relation between PDCCH DMRS and a DL RS resource (such as a CSI-RS). The QCL properties can be made a part of the CORESET configuration and it covers the entire CORESET.
Proposal 6: QCL relation can be configured between DMRS of a CORESET and a DL RS resource (such as a CSI-RS)
3	Conclusions
In this contribution we discussed the PDCCH transmission in the case when cell is operating according to a multi-beam configuration. Based on the results and discussion we make the following proposals and an observation:
Proposal 1: Support sweeping PDCCH as part of synchronization signal block
Proposal 2: Support a separate PDCCH block sweep with NR-PDCCH independently from SS block.
Proposal 3: PDCCH monitoring on the separate PDCCH block sweep supports association to an SS-block in the cell
Proposal 4: Consider to support one OFDM symbol precoder granularity in the time domain for CORESETs with multiple OFDM symbols .
Proposal 5: Each REG bundle in the CORESET have similar association with different beam pair link(s)
[bookmark: _GoBack]Proposal 6: QCL relation can be configured between DMRS of a CORESET and a DL RS resource (such as a CSI-RS).

Observation 1: gNB can select the operation mode for the mini-slot based scheduling in the multi-beam scenario from the following
1. Scheduling is made from DL control symbols located at the beginning of each DL slot (K0>0). 
2. Scheduling is made from PDCCH located at the beginning of each DL mini-slot (K0=0).
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