Page 1
[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #90	R1-1713421
August 21st – 25th, 2017
Prague, Czech Republic

[bookmark: Source]Agenda item:	6.1.3.1.3
Source: 	Qualcomm Incorporated
Title: 	Resource reuse for data in DL control region
[bookmark: DocumentFor]Document for:	Discussion/Decision
Introduction
During RAN1 NR AdHoc, the following agreements were made related to NR DL control channel resource reuse for data. Since then, there has not been much discussion on this topic.
Agreements:
· The staring 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
Agreements:
· The UE will have the possibility to determine whether some blind decodings can be skipped based on information on a ‘group common PDCCH’ (if present).
· FFS: if the data starting position is signaled on the group common PDCCH, the UE may exploit this information to skip some blind decodings
· FFS: if the end of the control resource set is signaled on the ‘group common PDCCH’, the UE may exploit this information to skip some blind decodings
· FFS: how to handle the case when there is no ‘group common PDCCH’ in a slot
· When monitoring for a PDCCH, the UE should be able to process a detected PDCCH irrespective of whether the ‘group common PDCCH’ is received or not
We discussed potential ways to reuse unused REs in DL control region for data in [1]. In this contribution, we discuss more details on the reuse mechanism.
Resource reuse
For resource reuse of DL control region for data, it will be assumed that the channel will be based on DM-RS in data region and not the control RS in DL control region.
The following pattern of reused REs were discussed in [1]. Given the difficulty of buffering the data if we have indepent allocation from PDSCH allocation, it is proposed to allow time-domain expansion w.r.t. the allocated PDSCH in the data region.
Shape of reused REs
· Time-domain only expansion w.r.t. the allocated PDSCH
· UE just needs to know the starting symbol of PDSCH
· Time-domain/frequency-domain expansion independent of the allocated PDSCH in data region
· This implies independent resource allocation for DL control region from the data region
· UE needs to know the RE allocation in time and frequency domain in DL control region
· Time domain
· Starting symbol only or starting/ending symbol
· Frequency domain
· Starting/ending frequencies (if localized) or  reused CCEs (can be localized/distributed)
Proposal 1: For resource reuse, time-domain expansion is only considered with respect to the allocated PDSCH in the data region.
As discussed in [1], there will be a tradeoff between the overhead and reuse efficiency depending on the level of reuse. Multiple ways of reuse were discussed in [1], i.e., CORESET (or search space) level, OFDM symbol level, and/or CCE level. Given the trade-off, we can consider flexible way of resource reuse depending on the deployment, resource availability and scheduler policy. In other words, NW can configure the level of reuse (CORESET level, OFDM symbol level, or CCE level) for the expanded region. 
For CORESET level reuse, NW needs to indicate the existence and the size for each CORESET used, though the UE is not monitoring all of them. Then a bitmap can be use to indicate if any of the CORESETs are empty, so the resource can be reused. 
When a CORESET has more than one OFDM symbol, OFDM symbol level reuse can be further considered. In this case, NW will indicate the OFDM symbols available within a CORESET for reuse, when the OFDM symbol is not used for PDCCH transmission. This level reuse can achieve sub-CORESET level reuse with minimum overhead, especially when the indicator can be combined with the PDSCH starting symbol indicator. However, this reuse is only possible when the CORESET is using frequency first CCE to REG mapping. Under time first CCE to REG mapping, all OFDM symbols are used at the same time, and the reuse cannot be achieved in OFDM symbol level.
When more overhead can be afforded, NW can configure CCE or group of CCE level reuse within a CORESET. In this case, NW will configure the UE about the size of each CCE groups and indicates the availability of the CCE groups using a bitmap. This approach has the highest efficiency of reuse, but needs relatively large overhead.
With these reuse mechanisms in mind, the NW can tradeoff overhead and reuse efficiency for different use cases. For example, for a wide band system with many CORESETs configured, it might be enough to stay with CORESET level reuse to keep the overhead low. For a narrow band system with only one CORESET, the NW may want to use CCE group level reuse to increase the reuse efficiency. 
Naturally UE can additionaly assume the CCEs for the current DCI carrying the DL grantare excluded for reuse.
Proposal 2: NW configures the level of reuse (CCE level,CCE group level, OFDM symbol level, search space level or CORESET level) and provide the bitmap for reuse as the part of the DCI with the DL grant.
Proposal 3: UE assumes that the CCEs for the current DCI carrying the DL grant are excluded from the reuse.
Conclusions
In this contribution, we have discussed details on the reuse mechanism and have made the following proposals:
Proposal 1: For resource reuse, time-domain expansion is only considered with respect to the allocated PDSCH in the data region.
Proposal 2: NW configures the level of reuse (CCE level,CCE group level, OFDM symbol level, search space level or CORESET level) and provide the bitmap for reuse as the part of the DCI with the DL grant.
 Proposal 3: UE assumes that the CCEs for the current DCI carrying the DL grant are excluded from the reuse.
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