3GPP TSG-RAN WG1 Ad Hoc Meeting #2
R1-1710983
Qingdao, China, 27th-30th June 2017
(Resubmission of R1-1708504)
Agenda item:

5.1.3.1.3
Source:
Nokia, Alcatel-Lucent Shanghai Bell 
Title:
Resource sharing between PDCCH and PDSCH in NR
Document for:

Discussion and Decision
1
Introduction
For the DL control design in NR, the following has been agreed regarding the dynamic reuse of DL control resources in RAN1#87.

Agreements:
· 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
It was further agreed in RAN1 NR ad hoc meeting in January 2017 that:

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
Regarding the group-common PDCCH, it was agreed that:

Agreements:
· NR supports a ‘group common PDCCH’ carrying information of e.g. the slot structure. 

· If the UE does not receive the ‘group common PDCCH’ the UE should be able to receive at least PDCCH in a slot, at least if the gNB did not transmit the ‘group common PDCCH’.

· The network will inform through RRC signalling the UE whether to decode the ‘group common PDCCH’ or not

· Common does not necessarily imply common per cell.

· Continue the discussion on the detailed content of the ‘group common PDCCH’ including usage for TDD and FDD
· The term ‘group common PDCCH’ refers to a channel (either a PDCCH or a separately designed channel) that carries information intended for the group of UEs.
In this contribution, we discuss some potential mechanisms that can be used to achieve dynamic reuse and the general issues related to the resource sharing between PDCCH and PDSCH.
2
Dynamic resource reuse for slot-based scheduling
For slot-based scheduling, the DL control region from the gNB point of view can span one or more OFDM symbols at the beginning of a slot, occupying some PRBs in frequency. Each UE is configured with one or more control resource sets within the DL control region.
2.1
Dynamic resource reuse in time domain
In time domain, the dynamic resource reuse means the dynamic starting position of PDSCH transmission on the OFDM symbol level. This is largely addressed by the agreements in the January ad hoc meeting that allows the starting position to be explicitly and dynamically indicated to the UE. The main open issue is whether this is signalled in UE-specific DCI or a group-common PDCCH.

If the indication is carried in a group-common PDCCH, it could be used to carry the slot structure and/or the number of DL control symbols for all the UEs or a group of UEs.
· The drawback would be that a UE needs to decode both the broadcast control channel and the UE-specific DCI correctly in order to successfully decode PDSCH. This scheduling dependency would put more stringent requirement on the decoding probability of the broadcast control channel. In this sense, it is preferable (especially for URLLC traffic) that the UE may receive PDSCH without decoding the broadcast control channel.

· Further, it was generally agreed that a group-common PDCCH does not have to be always transmitted, and the UE should be able to operate properly without a group-common PDCCH. 
If the indication is carried in the UE-specific DCI, i.e., the DCI scheduling the PDSCH, it allows different starting OFDM symbol for each PDSCH transmission, which provides an additional flexibility benefit compared to signalling in group-common PDCCH. Figure 1 provides an example that shows the benefit of having the indication in UE-specific DCI. In this example, the PDSCH starting symbols for UE1 and UE2 can be signalled as OFDM symbol 2 and OFDM symbol 1, respectively. Compared to the case where a common signal is sent for UE1 and UE2 (i.e. the PDSCH starting symbol would be OFDM symbol 2 for both UE1 and UE2), this allows more resources to be reused for UE2’s PDSCH.
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Figure 1 Example of using UE-specific DCI to signal the starting symbol
The number of bits required in DCI should be fairly small, e.g. one or two bits. Considering this flexibility with UE-specific DCI and the drawback associated with group-common DCI, it is proposed that:

Proposal 1: The starting OFDM symbol of a PDSCH transmission in a slot can be explicitly and dynamically indicated to the UE in the UE-specific DCI.

The indication itself can be one of the following:
1. An implicit indication as part of a slot structure indication in DL assignment (# of DL control symbols, # of DL data symbols, # of UL control symbols, # of UL data symbols, etc). This would require a pre-defined set of slot-structure configurations to make the signalling overhead manageable.
· Note that the slot structure carries more than what is necessary to determine the starting position of PDSCH transmission. However, the information about slot structure can potentially be used also for other purposes such as the PDSCH transmission duration, PUCCH/SRS transmission positions (and PUSCH transmission positions if it is also included in DCI for PUSCH). 

2. An explicit indication of the starting OFDM symbol of PDSCH transmission in DL assignment.
· This indication may be also useful when mini-slots are used in RF beamforming for >6GHz, so that a UE only needs to monitor the beginning of a slot (instead of every mini-slot) for mini-slot scheduling. If so, a unified design can be used.
Exactly which type of above indications should be adopted depends on whether the slot structure would be needed for other purposes, so this can be decided in a later stage once that becomes clear.
Of course, NR should also allow the starting OFDM symbol of PDSCH transmission to be semi-statically configured, in order to save the DCI overhead when appropriate.

Proposal 2: The starting OFDM symbol of a PDSCH transmission in a slot can be semi-statically configured for each UE.

2.2
Dynamic resource reuse in frequency domain
The dynamic resource reuse in frequency domain has been agreed already. But exactly how to reuse and how much flexibility is allowed is a more complicated issue compared to time domain reuse.
Full flexibility of dynamic resource reuse means that it does not introduce any additional constraint on the control scheduling or data scheduling. In other words, the gNB can use any candidate in the search space to schedule a UE, and PDSCH can be scheduled independently from the control. In this case, within the bandwidth allocated to PDSCH for a UE, there could be part of the resources in the first symbol(s) that are used to carry the DL control messages for other UEs. In order to inform the UE about the presence of DL control messages within its resource allocation, dynamic signalling would be needed, because scheduling decision is dynamic on slot-to-slot basis. This potentially requires the indication per PRB per OFDM symbol, which would be too much overhead for either a UE-specific DCI or a common message (e.g. a group common DCI).

To allow some level of dynamic reuse, the simplest approach is to adopt a UE behaviour similar to LTE EPDCCH, that is, when the UE detects that the DCI associated with the PDSCH overlaps with the resource allocated to PDSCH, PDSCH is always rate matched around the detected DCIs. This is illustrated in Figure 2. In this case, if there is no other UE’s DCI occupying any of these REs, the DCI for the PDSCH can indicate the starting OFDM symbol to be symbol 0. Any of the unused REs in symbol 0 can be reused by PDSCH, and the UE has perfect information for PDSCH rate matching after decoding DCI. This is also so-called self-contained control or in-resource control.
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Figure 2 Illustration of PDSCH rate matching around its own PDCCH
It is obvious that this approach by itself has quite some limitation. It puts restriction on the scheduler (scheduling for PDCCH and/or PDSCH) for the gNB to take advantage of it. However this is a very straightforward approach and can be supported with minimum effort.
Proposal 3: A UE assumes that a PDSCH rate matches around any REs within the allocated PDSCH resources that are used by the DCI scheduling the PDSCH.

There could be many other options that fall between these two extreme cases, which use limited signalling for rate matching indication while sacrificing part of the dynamic reuse efficiency and/or introducing some scheduling constraints. There were a number of contributions discussing different proposals in RAN1#88, such as [1]-[6]. A similar discussion is ongoing in LTE sTTI WI, and some of the proposals (e.g. see [7][8][9]) may be applicable or can be adapted to NR. These proposals can be classified into two categories:

Category 1: implicit indication
In [5], one implicit approach that was proposed is for the UE to rate match around its own control resource set(s) if the DCI is within the PDSCH PRBs. This would work best in the case when all the UEs are configured with the same control resource set(s). Even in this case, there could be significant amount of resources remaining unusable by data in the control resource set(s).
In LTE sTTI discussion, it was proposed in [8] and [9] that a UE, receiving a PDSCH, assumes that all resources corresponding to sCCE with logical index larger than the one that scheduled the PDSCH are free for the PDSCH. This approach imposes a lot of scheduling constraints for control and data, and requires that:

· DL DCI is self-contained in PDSCH

· UL DCI for the same UE needs to be scheduled before DL DCI (in terms of CCE index)

· DCIs for any other UEs need to be scheduled before its own DL DCI in terms of CCE index

There was a similar proposal for NR in [5] where the UE assumes REs for certain PDCCH candidates are punctured based on PDCCH candidate index.

The ideal situation for these proposal to provide good reuse efficiency is when all the UEs share the same search space, and each UE monitors all the candidates in the search space. Obviously this will not be the case in NR. In the context of NR, different UEs may have different search space configuration using different PRBs, and the CCE/candidate indexing is likely to be UE-specific. A UE may not monitor all the possible candidates within the configured PRBs, which may prevent the UE from using the CCEs/candidates with the desired index. So all these can significantly reduce the reuse efficiency.

Category 2: explicit signalling
The following has been proposed for NR:

· Signaling to indicate the PRBs used (or not used) by all control resource sets [1][2].

· The intention is to allow all the PRBs not belonging to any control resource sets to be reusable by data all the time. This can be semi-statically signalled.

· This is good in principle. One drawback would be that, if the gNB decides to add (or remove) a control resource set to accommodate the variation of control channel load, the gNB would need to notify all the UEs regarding the change.
· Having this signalling alone would not provide good reuse efficiency because a lot of resources within the aggregated control resource set(s) are typically not used to carry PDCCH, which cannot be addressed by this signalling.

· Indication of resource availability is provided with the granularity of control resource set [3][4][6].

· This requires the UE to know all the configured control resource sets, so it faces the same challenge as the above proposal when the gNB adds or removes a control resource set.

· The reuse efficiency is likely to be poor.

· The advantage is that the additional DCI overhead should be relatively small due to the coarse granularity.

· Indication of resource availability is provided with the granularity of PDCCH candidate group or CCE group [5]. Similar ideas were also proposed in LTE sTTI [7][9].

· These proposals require the UE to be aware of the overall control region, not just its own search space configuration. In addition, the UE needs to know the CCE or PDCCH candidate grouping information. The effectiveness of these approaches highly depends on the search space design. In LTE for short TTI, it is expected that eNB will configure only a limited number of control resource sets and thus overall short PDCCH will be rather small. In NR, it is expected that the search space configuration for each UE can be fairly flexible, independent and will need to support large number of users, which may potentially make the signalling of the overall control region and grouping information quite complicated. It may also make effective grouping difficult.
· Indication of resource availability is provided with the granularity of resource group (e.g. PRB group) [5].

These proposals provide the signalling with different granularities, and therefore provide different tradeoff between reuse efficiency and overhead. 
Comparing implicit indication and explicit signalling, it is obvious that the implicit indication approaches have very severe limitation on resource reuse, especially given that different UEs can be configured with different CORESETs in NR. Therefore explicit signalling would be preferable in order to allow efficient resource sharing.
What is common among the explicit signalling approaches (except for the PRB group approach) is that the UE needs to be signalled with not only the CORESETs configured for itself and also the potential CORESETs configured for other UEs. This can be done via higher layer signalling.

After all the CORESETs are configured to a UE, the indication of resource availability can be on the CORESET-level for minimum overhead, i.e., one bit per CORESET. But the reuse efficiency may not be good. So it would be good to enable a smaller granularity for more efficient reuse. This will be especially important for the resource sharing with mini-slot based scheduling (as discussed in section 3) because a mini-slot is rather short and there is typically a very small number of PDCCH being scheduled in a mini-slot. If multiple groups are defined within a CORESET, it can always fall back to CORESET-level indication by configuring a single group.
Proposal 4: For dynamic reuse of control resources, higher layer signalling can be used to indicate one or more CORESETs not used by a UE’s own search space, and DCI can dynamically carry the resource availability indication for each CORESET. FFS the granularity for resource availability indication within a CORESET.

3
Resource sharing involving mini-slot-based scheduling
When mini-slot-based scheduling is used for some UEs in a cell, the control region may or may not be at the beginning of a slot. There are mainly two use cases that have been identified for mini-slot-based scheduling:
· Case 1: RF beamforming for above 6GHz

· Case 2: low latency applications/transmissions for below 6GHz

For case 1 (RF beamforming for above 6GHz), when the gNB schedules a PDSCH transmission, it should already know whether part of the resources is being used by PDCCH(s), so signalling can be sent to the UE at the time of sending DL assignment. Regarding the transmission of PDCCH scheduling mini-slots in DL or UL, the following two alternatives can be used (e.g. see our companion contribution [10] for DL):

1. Alt 1: PDCCH scheduling mini-slots is always transmitted at the beginning of a slot 

2. Alt 2: PDCCH scheduling mini-slots is transmitted at the beginning of a mini-slot

· For DL, this may mean that PDCCH is contained in the mini-slot carrying the scheduled PDSCH.

With Alt 1, the resource sharing between PDCCH and PDSCH can be the same as the slot-based scheduling case, and no special handling is required.

With Alt 2, the resource sharing between PDCCH and PDSCH would be similar to the slot-based scheduling case, except that now the sharing occurs at the beginning of each mini-slot, not just at the beginning of a slot. But it is expected the same mechanism can be used.
For case 2 (low latency for below 6GHz), typically there will be eMBB UEs using slot-based scheduling and URLLC UEs using mini-slot-based scheduling in the system. The resource sharing of PDCCH and PDSCH among mini-slot based transmissions would be similar to Alt 2 in case 1, so it is not separately discussed here. The more complicated issue is the resource sharing of PDSCH using slot-based transmissions and PDCCH scheduling mini-slot-based transmissions. An important difference from case 1 is that when the gNB schedules a eMBB UE using slot-based transmission, it does not know whether there will be low-latency transmission using mini-slots (including PDCCH scheduling mini-slots), that pre-empts part of the slot-based transmission. So the DL assignment scheduling eMBB PDSCH would not be able to carry any rate matching info around the PDCCH scheduling low latency traffic.

· If the PDCCH scheduling low latency traffic (for DL or UL) occurs within the resources allocated to a pre-empting mini-slot-based PDSCH(s), the pre-emption indication and the support of subsequent transmission for pre-empted eMBB UEs (which is being discussed for eMBB/URLLC DL multiplexing) would be able to handle the PDCCH as well, and no separate consideration would be necessary.

· If the PDCCH scheduling low latency traffic (for DL or UL) does not occur within the resources allocated to a pre-empting mini-slot-based PDSCH(s) (i.e. it cannot be automatically covered by the pre-emption indication), it should be investigated whether additional indication to the eMBB UEs is necessary.
Observation 1: In case that mini-slot-based scheduling is involved, it is expected that it can reuse the resource sharing mechanism for slot-based scheduling in most of the cases, except in the case of pre-emption.

Observation 2: In case of pre-emption, PDCCH occurring within a pre-empting PDSCH can be handled via the pre-emption indication being discussed, while PDCCH not occurring within a pre-empting PDSCH should be investigated further.
3
Conclusions
In this contribution we have discussed the issue of resource sharing between PDCCH and PDSCH, and have the following proposals and observations:
Proposal 1: The starting OFDM symbol of a PDSCH transmission in a slot can be explicitly and dynamically indicated to the UE in the UE-specific DCI.

Proposal 2: The starting OFDM symbol of a PDSCH transmission in a slot can be semi-statically configured.

Proposal 3: A UE assumes that a PDSCH rate matches around any REs within the allocated PDSCH resources that are used by the DCI scheduling the PDSCH.

Proposal 4: For dynamic reuse of control resources, higher layer signalling can be used to indicate one or more CORESETs not used by a UE’s own search space, and DCI can dynamically carry the resource availability indication for each CORESET. FFS the granularity for resource availability indication within a CORESET.

Observation 1: In case that mini-slot-based scheduling is involved, it is expected that it can reuse the resource sharing mechanism for slot-based scheduling in most of the cases, except in the case of pre-emption.

Observation 2: In case of pre-emption, PDCCH occurring within a pre-empting PDSCH can be handled via the pre-emption indication being discussed, while PDCCH not occurring within a pre-empting PDSCH should be investigated further.
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