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Introduction
NR supports configuration of a time-frequency allocation containing one or multiple search spaces for DL control channel which is referred to as the Control resource set. One the topics under discussion is how to reuse the available resources configured for a control resource set for data transmission in addition to the scheduled data outside the control resource set. In the following we list the relevant agreements achieved in the last previous RAN1 meetings [1][2]. 

Agreements (RAN1#87):
· The time/freq. resource containing at least one search space is obtained from MIB/system information/implicitly derived from initial access information
· Time/freq. resource containing additional search spaces, can be configured using dedicated RRC signaling
· Other solution is not precluded

Agreements (RAN1#87):
· 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

Agreements (RAN1 Ad-hoc#1):
· 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 this contribution, we discuss the motivation for enabling resource sharing between PDCCH and PDSCH in general and discuss the need for simple approaches. A detailed approach on how to achieve transmission of data on unused control resources is as well provided here.                                                                                                                                                                                                                                                                                                                                                                                                         
Discussion
The framework for reusing CORESET resources for data:

In LTE, the length of the control region in time can be indicated by the PCFICH so that there is some flexibility in the number of OFDM symbols in a slot that are used for data and for control. While this provides some flexibility, the granularity is limited since it is possible to do this only in time. With NR, it is beneficial to introduce greater granularity as discussed below.

The first motivation to provide greater granularity is that the channel bandwidths could be quite wide in some frequency bands. When only a few UEs are being served by in a large bandwidth, a small CORESET size can be used, e.g., CORESET spanning only a few PRBs and one OFDM symbol. Reuse of control resources within the CORESET is less important in this case since the number of resources being wasted is not too high as the resources outside the CORESET can be used for data even in the first OFDM symbol. However, when there are a larger number of UEs in the cell there is a need to have a larger CORESET to accommodate scheduling many UEs without blocking. But, even in these situations, the load can be low for brief periods of time, there may only be one or two UEs that are scheduled at any given time. In this case, reuse of the control resources can be important in increasing throughput. 

Another reason for being able to reuse the resources in the CORESET is the potential use of shorter slots. In this case, the control region overhead could be higher and this problem would be alleviated somewhat if unused control resources could be reused for data.

Considering the above motivations for the agreement to allow resources in a CORESET to be used for data, it is important to use an approach that limits unnecessary complexity and overhead. Considering this constraint, we propose that it should not be necessary for the UE to know the control resources being used by other UEs. The cost of providing such information to the UE is essentially greater overhead in the DCI message as well as added scheduler complexity at the gNB. This cost is potentially incurred in every DCI message with the overhead and complexity increasing as a greater number of CCE combinations that should or should not be reused for data need to be signaled to the UE. And if that complexity is to be limited by allowing such signaling only for the case where there are very few UEs being scheduled simultaneously, the functionality is anyway limited. Therefore, it can be considered that the reuse of control resource sets for data should be enabled only when the UE receives a PDCCH and it can reuse control resources without knowing any other information about other CCEs being used by other UEs. This will limit reuse to the lower load cases, but this is where the reuse is most likely most helpful and will limit the DCI overhead incurred.

Proposal: 
· A UE should be able to reuse control resources within a CORESET for data without being signaled any information regarding other UEs being simultaneously scheduled.



Required signaling to enable reusing CORESET resources for data:
In order to enable the reuse of available resources in the control resource set for data transmissions, the design should be such that the following information has to be provided to the UE.
· Which REGs are used for data?
· What is the start symbol for data in the control resource set?
· Which control resource sets are claimed for data and which are not?

Depending on the configurations and load in the system and scheduling policies, different situation can occur. For example, a UE can be configured with one or multiple control resource sets and multiple UEs can share one or more control resource sets. On the other hand, the gNB based on different criteria such as the traffic load, can transmit PDCCHs to different UEs that are mapped partially or completely in one of the configured control resource sets. Moreover, the scheduled bandwidth for PDSCH transmission can overlap partly or completely with the bandwidth configured for the scheduling control resource set or not.
Different cases that are of interest in data transmission in the control resource sets are illustrated Figure 1 to Figure 4.		[image: ]
[bookmark: _Ref473895726]Figure 1: One UE with corresponding PDSCH and PDCCH in blue color (referred to as blue color coded UE) is configured with green control resource sets. Another UE with corresponding PDSCH and PDCCH in yellow color (referred to as yellow color coded UE) is configured with green control resource sets. The red control resource set may be configured for other UEs. The left and right figures illustrate the slot without and with enabling data transmission in the control region, respectively.
· Case 1: In example shown in Figure 1, the scheduling decisions at gNB imply that the UE (UE colour coded blue) should be informed with the new starting symbol for data transmission. The resources in the control region are only reused within the time and frequency region indicated by the scheduled PRBs and start symbol for data.

[image: ]
[bookmark: _Ref473895771]Figure 2: One UE with corresponding PDSCH and PDCCH in blue color (referred to as blue color coded UE) is configured with green control resource sets. Another UE with corresponding PDSCH and PDCCH in yellow color (referred to as yellow color coded UE) is configured with green control resource sets. The red control resource set may be configured for other UEs. The left and right figures illustrate the slot without and with enabling data transmission in the control region, respectively.
· Case 2: The example shown in Figure 2 is similar to Figure 1 where the scheduling decisions at gNB imply that both UEs (UEs colour coded blue and yellow) should be informed with the new starting symbol for data. However, both UEs exclude the resources for their corresponding PDCCH for data transmission in the corresponding control resource set. 
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[bookmark: _Ref473895787]Figure 3: One UE with corresponding PDSCH and PDCCH in blue color (referred to as blue color coded UE) is configured with green control resource sets. Another UE with corresponding PDSCH and PDCCH in yellow color (referred to as yellow color coded UE) is configured with green control resource sets. The red control resource set may be configured for other UEs. The left and right figures illustrate the slot without and with enabling data transmission in the control region, respectively.
· Case 3: In the example shown in Figure 3, the scheduling decisions at gNB imply that the blue colour coded UE has the similar case as in Figure 1, i.e. it should be informed with the new starting symbol for data transmission. The resources in the control region are only reused within the time and frequency region indicated by the scheduled PRBs and start symbol for data. The yellow color coded UE is informed with the new starting symbol for data transmission. The resources in the control region are only reused within the time and frequency region indicated by the scheduled PRBs and start symbol for data, excluding the resources in the control resource set with the corresponding PDCCH. In this case, the gNB has rate matches data around the PDCCH resources.

[image: ]
[bookmark: _Ref473895835]Figure 4: One UE with corresponding PDSCH and PDCCH in blue color (referred to as blue color coded UE) is configured with green control resource sets. Another UE with corresponding PDSCH and PDCCH in yellow color (referred to as yellow color coded UE) is configured with green control resource sets. The red control resource set may be configured for other UEs. The left and right figures illustrate the slot without and with enabling data transmission in the control region, respectively.
· Case 4: In the example in Figure 4, the scheduling decisions at gNB imply that the blue colour coded UE has the similar case as in Figure 1, i.e. it should be informed with the new starting symbol for data transmission. The resources in the control region are only reused within the time and frequency region indicated by the scheduled PRBs and start symbol for data. The yellow color coded UE has the similar case as in Figure 2 with a different starting point for data transmission being 2nd symbol here as compared to the 1st symbol in Figure 1. This UE uses the resources in the control region are only reused within the time and frequency region indicated by the scheduled PRBs and the new start symbol for data excluding the resources in the control resource set with the corresponding PDCCH.

Based on the above discussion and analyzing different cases, if the gNB intends to utilize the resources in the control region for data transmission, the gNB signals some information in the UE-specific DCI to the UE and UE makes some assumptions accordingly.
In more detail, in the baseline operation, i.e. without enabling data transmission in the control region, a UE can make the following assumptions based on the RRC configurations and DCI messages:
· The following information is available at the UE:
· UE is informed of the configured control resource sets.
· UE can make the assumptions on which of the configured control resource sets includes PDCCH(s) for that UE.
· UE can make the assumptions which resources in the configured control resource set including PDCCH(s) are utilized by PDCCHs.
· UE can make the assumption of the starting symbol for data transmission.
· UE can make the assumption on the time-frequency resources on the scheduled PRBs. 

On the other hand, if the gNB decides to enable data transmissions for one of multiple UEs in the control region, based on different cases that are illustrated in Figure 1 to Figure 4, it can provide additional information to the UE that assists the UE in determining how to use the resources in the control region if the UE is intended to do so.
· The gNB signals the UE a potentially new value for the data starting symbol.
· The gNB signals whether the UE should assume the resources inside the configured control resource sets (and in this case which ones in case of multiple configured control resource sets) and or the resources outside the configured control resource sets should be used for data.
· In case of using the resources of a configured control resource set with PDCCH, gNB rate matches data around resources for the PDCCH and UE assumes resources for the PDCCH are excluded for data.
· This in practice implies a granularity of a CCE in the frequency domain as the baseline.
· The gNB signals whether the reused resources are within the scheduled bandwidth of PDSCH transmission after the control region in the slot.

Based on the above discussion we propose the following simple approach for reusing the resources in the control region for data transmission:

Proposals:
· UE receives information in the UE specific DCI whether and how to reuse resources for data within and/or outside of the configured control resource set.
· The staring position of downlink data in a slot is indicated to the UE.
· The signaling informs the UE whether or not the resources within a particular control resource set should be reused.
· The signaling informs the UE whether or not the resources outside the configured control resource set(s) should be used.
· [bookmark: _GoBack]UE assumes the PDCCH resources in which a valid DCI scheduling a data transmission was detected are excluded for the data transmission.
· The granularity of the resources for data transmission in resources in the control resource sets region in time domain is an OFDM symbol and in frequency domain is a CCE bandwidth.
· UE assumes whether the resources in the frequency domain are within the scheduled PRBs for data scheduled after the control region.
· 
Conclusion
In this contribution, we discussed our view on viable options that enable efficient transmission of data in the control resource set and proposed the following:   
                                                                                                                                                                                                       
Proposal: 
· A UE should be able to reuse control resources within a CORESET for data without being signalled any information regarding other UEs being simultaneously scheduled.

Proposals:
· UE receives information in the UE specific DCI whether and how to reuse resources for data within and/or outside of the configured control resource set.
· The starting position of downlink data in a slot is indicated to the UE.
· The signaling informs the UE whether or not the resources within a particular control resource set should be reused.
· The signaling informs the UE whether or not the resources outside the configured control resource set(s) should be used.
· UE assumes the PDCCH resources in which a valid DCI scheduling a data transmission was detected are excluded for the data transmission.
· The granularity of the resources for data transmission in resources in the control resource sets region in time domain is an OFDM symbol and in frequency domain is a CCE bandwidth.
· UE assumesthe resources in the frequency domain are within the scheduled PRBs for data scheduled after the control region.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref473896379][bookmark: _Ref473637092][bookmark: _Ref470613638][bookmark: _Ref465931227][bookmark: _Ref458515583][bookmark: _Ref174151459][bookmark: _Ref189809556][bookmark: _Ref458165837]Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #87
[bookmark: _Ref473896381]Chairman’s Notes, 3GPP TSG RAN WG1 NR Ad-Hoc Meeting #1
	1/6	
image1.emf
DM

-

RS

Data Data Data

…

DataData Data Data

DM

-

RS

Data Data Data

…

Data Data Data Data

PDCCH

PDCCH

PDSCH

PDSCH

Control resource sets


image2.emf
DM

-

RS

Data Data Data

…

DataData Data Data

DM

-

RS

Data Data Data

…

Data Data Data Data

PDCCH

PDCCH

PDSCH

PDSCH

Control resource sets


image3.emf
DM

-

RS

Data Data Data

…

Data Data Data Data

DM

-

RS

Data Data Data

…

Data Data DataData

PDCCH

PDCCH

PDSCH

PDSCH

Control resource sets


image4.emf
DM

-

RS

Data Data Data

…

DataData Data Data

DM

-

RS

DataData Data

…

Data Data DataData

PDCCH

PDCCH

PDSCH

PDSCH

Control resource sets


