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Introduction
[bookmark: _Ref129681832]In RAN1#87, the following agreements [1] on the control resource reuse for data transmission have been reached:
· NR should support dynamic reuse of at least part of resources in the control resource sets for data for the same or a different UE, at least in the frequency domain
· FFS if resource reuse can be done in time domain as well
· FFS: DL data DM-RS location in time should not vary dynamically as a consequence of dynamic reuse of control resources for data
· FFS: time/frequency granularity of the resource reuse
· FFS: signaling needed, if any
In RAN1 Ad-hoc, the further agreements [2] on the starting position of downlink data have been reached:
· The starting position of downlink data in a slot can be explicitly and dynamically indicated to the UE.
· FFS: signaled in the UE-specific DCI and/or a ‘group-common PDCCH’
· FFS: how and with what granularity the unused control resource set(s) can be used for data.
In RAN1 #88bis, the further agreements [3] on the starting position of PDSCH have been reached:
· Data channel (PDSCH, PUSCH) duration and starting position
· 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
Based on the above agreements, we discuss more details on resource multiplexing of downlink control and data.
Dynamic control resource reuse for data
In the cellular networks, it is expected that the number of the simultaneously scheduled UEs can be different from one slot to another. In this context, the control channel capacity is time-varying. To increase the resource utilization efficiency, a part of resources can be dynamically reused between control and data. In this paper, we consider how to reuse a part of the resources of control channel for data. 
Two cases of resource multiplexing of downlink control and data should be considered in NR:
Case 1: Usage of un-configured control resource
In time domain, the control region can span 1 or 2 OFDM symbols. The control resource sets containing a number of PRBs can be configured for the different UEs. The un-configured resource in control region should be used potentially for data transmission. 
An example is shown in Fig. 1, where resources a and c including the un-configured control resources are used for data. In this example, it is worthy to note that there is an issue related to the rate matching. In particular, the UE should perform the rate matching based on the REs in the new region including the assigned resources in data region as well as the used un-configured control resources. Assume resources a, b and c are allocated to UE1. Resources a and b are completely orthogonal or fully overlapped to the control resource block in the frequency domain. UE1 can directly perform the rate matching by assuming that the REs in the above two rectangle regions are used for data transmission. The situation is complex for the rate matching in resource c. The frequency position of data resource is partially overlapped to the control resource set 2. Thus when UE1 performs the rate matching, the REs in control set 2 should be excluded. In other words, UE1 should be aware of the position of control set 2, otherwise the rate matching cannot be performed at UE1 correctly. Note that control resource set 2 can be configured for the other UE rather than for UE1. 


[bookmark: _Ref473208633]Fig. 1: The reuse of un-configured resources in control region
Proposal 1: NR should support to use of all un-configured control resource for data.
Case 2: The dynamic reuse of part of resources in the control resource set
The PRBs within a control resource set can be more than the resource required by the control channel transmission. Then except the PRBs used for control channel transmission, the other PRBs can be reused for data transmission. Fig. 2 shows an example, where a part of resources in 2 control resource sets are available and can be dynamically reused for data.


Fig. 2. The resource reuse in control resource set
For the granularity of the resource reuse, PRB in frequency domain and OFDM symbol in time domain can be used as the starting point in this research area.
Proposal 2: PRB in frequency domain and OFDM symbol in time domain can be used as the granularity of the resource reuse in the control region for data.
The signaling for resource multiplexing of downlink control and data
To realize the above control resource reuse cases, the resource allocation indicating the frequency positions as well as the starting position of each frequency part can be informed to UE by DCI. Based on this information, UE can adjust the starting position of PDSCH dynamically in the frequency domain to avoid including the REs in the control resource set in the data matching. The above reuse operations can be transparent to UE, even in Case 2. Assume two resources in Fig.2 are used for UE1 data transmission. The other UEs, whose search spaces are overlapped with the reused control resources, still attempt to blindly decode the PDCCH within their configured control resource set. These UEs cannot receive any valid PDCCH within the search space where some resources have been reused for UE1 data transmission, unless control and data information are superposed on the reused resources [4].
The indication of the starting symbol positions of data resource in the above discussed cases can be signaled in the different manners:
· Alt 1: Indication in the ‘group common PDCCH’
The drawbacks of this way are two-fold. First the use of the un-configured resources in control region for data (see Case 1 in Section 2) cannot be realized when the indication of the starting symbol positions of data resources is signalled by the ‘group common PDCCH’. Assume that the control resource set duration is signalled by ‘group common PDCCH’, the starting symbol positions of data can be implicitly obtained by UE by assuming the OFDM symbol next to the control resource set. However neither the control resource configuration nor the un-configured control resources in the control region, which can be potentially used for data, are known by the UE. 
Second, the decoding of PDSCH cannot only rely on the successful decoding of the UE-specific DCI containing the scheduling signals. Before the decoding of PDSCH, a UE has to successfully decode the ‘group common PDCCH’ to get the control resource set duration for the implicit indication of the starting symbol position of PDSCH resource. Consequently, if a UE is failure in the decoding of the ‘group common PDCCH’ or the gNB does not transmit the ‘group common PDCCH’, it cannot decode the PDSCH even after the successful decoding of the UE-specific DCI. It will increase the probability of failure in the decoding and decrease the flexibility of data scheduling.
· Alt 2: Indication in the UE-specific DCI
[bookmark: _GoBack]The indication on the starting symbol positions of PDSCH resource can be explicitly included in the UE-specific DCI, which is used for the PDSCH scheduling. The only drawback of this way is the potential higher overhead of UE-specific DCI. 
Proposal 3: The starting position of downlink data in a slot is indicated to the UE by the UE-specific DCI. 
The design for resource multiplexing of downlink control and data
To enable dynamic reuse of control resource for data without incurring more additional overhead of DCI, the PDSCH scheduled for one UE should be with a shape of rectangle, which can be informed to UE by the starting position and duration of downlink data as well as the resource allocation in frequency domain. However, the restriction on the shape of PDSCH will decrease the reuse rate of the unused control resource. In particular, based on the analysis in [5], the REG bundling sizes in the frequency domain can be 1, 2, or 3 by assuming time-first CCE-to-REG mapping and 2, 3, or 6 by assuming frequency-first CCE-to-REG mapping. In the other hand, the RBG sizes based on the system bandwidth can be 1, 2, 3 or 4 in LTE. If the RBG sizes in LTE are also assumed in resource allocation for data channel in NR, the RBG size of data channel and REG bundling size in the frequency domain are not same. The difference between RBG size and REG bundling size will cause the potential scheduling collision, which prevents some unused control resource being reused for data transmission [6]. To avoid the above scheduling collision, we make the following proposal:
Proposal 4: The granularity of data transmission, i.e., RBG, aligns to the REG bundling size in the frequency domain.
In addition, the frequency interval between REG bundlings for a PDCCH candidate should be designed carefully to enable the reuse of unused control resource for a data. In [6], when the RBG aligns to the REG bundling size in the frequency domain, the resource allocation can be conducted by a bitmap with resolution of 6 PRBs as well as one pattern indicating the size and location of scheduled RBGs within corresponding 6-PRB region across full bandwidth. Fig.3 shows an example of distributed CCE-to-REG mapping for one PDCCH candidate which consists of 2 CCEs. The unused control resource cannot be indicated by the single pattern or be reused for data transmission for the single UE. It will induce more overhead for the reuse of unused control resource. To address this issue, the distributed CCE-to-REG mapping should align to one of resource allocation patterns. In Fig. 4, the unused control resource can be reused for the single UE by the resource allocation scheme proposed in [6]. Thus we make the following proposal:
Proposal 5: Under the distributed CCE-to-REG mapping, the positions of REG bundlings for a PDCCH candidate in frequency domain can be consistent with one of resource allocations for a data.

 
Fig. 3 An example of inappropriate frequency interval 
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Fig. 4 An example of appropriate frequency interval (Fig. a) and the corresponding resource allocation pattern (Fig. b)
Conclusions
The proposals made in this paper are summarized as follows:
Proposal 1: NR should support to use of all un-configured control resource for data.
Proposal 2: PRB in frequency domain and OFDM symbol in time domain can be used as the granularity of the resource reuse in the control region for data.
Proposal 3: The starting position of downlink data in a slot is indicated to the UE by the UE-specific DCI. 
Proposal 4: The granularity of data transmission, i.e., RBG, aligns to the REG bundling size in the frequency domain.
Proposal 5: Under the distributed CCE-to-REG mapping, the positions of REG bundlings for a PDCCH candidate in frequency domain can be consistent with one of resource allocations for a data.

References
[1] [bookmark: _Ref167612671][bookmark: _Ref167612875][bookmark: _Ref457808874][bookmark: _Ref457810953][bookmark: _Ref457898405]“RAN1 Chairman’s notes”, RAN1#87, Reno, USA, Nov. 14-18, 2016.
“RAN1 Chairman’s Notes”, RAN1#NR Ad-Hoc, Spokane, USA, Jan. 16 – 20,  2017
“RAN1 Chairman’s Notes”, RAN1 #88bis, Spokane, USA, Apr. 3 - 7, 2017.
[2] R1-1708144, “Resource sharing between NR-PDCCH and data”, Huawei, HiSilicon, RAN1#89, Hangzhou, China, May 15–19, 2017.
[3] R1-1706946, “CCE-to-REG mapping”, Huawei, HiSilicon, RAN1#89, Hangzhou, China, May 15–19, 2017.
[4] R1-1708150, “Slot based scheduling for data channels”, Huawei, HiSilicon, RAN1#89, Hangzhou, China, May 15-19, 2017.

image2.emf
Control resource set 2

GPUL

Control resource set 1

Resource for data 


oleObject2.bin
�

Control resource set 2


GP


UL


Control resource set 1


Resource for data 



image3.emf
Control Resource Set

REG in CCE0 

REG in CCE1

REG 

Bundling

6 RB 6 RB 6 RB 6 RB


oleObject3.bin
6 RB


6 RB


Control Resource Set


6 RB


6 RB


REG in CCE0 


REG in CCE1


REG Bundling



image4.emf
Control Resource Set

REG in CCE0 

REG in CCE1

REG 

Bundling

6 RB 6 RB 6 RB 6 RB


oleObject4.bin
Control Resource Set


REG in CCE0 


REG in CCE1


REG Bundling


6 RB


6 RB


6 RB


6 RB



image5.emf

oleObject5.bin

image1.emf
Control resource set 2

GPUL

Control resource set 1

f

t

Resources for data transmission

a

b

c


oleObject1.bin
�

Control resource set 2


GP


UL


Control resource set 1


f


t


a


Resources for data transmission


b


c



