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Introduction
The NR Study Item was completed and closed in RAN plenary meeting#75 where the TR 38.802 was approved and is available in [1]. The NR Work Item was as well approved in [2] where the WI targets to meet both eMBB and URLLC related 5G requirements in Rel-15. The design of DL control channel is an essential part of the WI.
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. The discussion is ongoing to establish the structure of the control resource set and other related aspects. 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 [3][4]. 

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):
· 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 the following sections we discussed our view on viable options that enable efficient transmission of data in the control resource set.                                                                                                                                                                                                          
Discussion
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.
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[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.
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[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.
· UE assumes PDCCH resources are excluded for 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:                                                                                                                                                                                                          
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.
· UE assumes PDCCH resources are excluded for 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.
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