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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
 In this contribution, we discuss some possible ways to achieve dynamic reuse.
2
Discussion
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 functionality is supported in LTE using dynamic CFI transmitted per subframe in PCFICH.
In NR, it is also expected that the load of the DL control channel will vary from slot to slot. Therefore, it is beneficial to allow the dynamic change of the DL control region in time domain. This can be achieved using a few different ways:

1. Indication in a DCI scheduling the PDSCH, which can be, e.g.,
a. An indication by a slot structure (# 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 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). 

b. An explicit indication of the starting OFDM symbol of PDSCH transmission

· This indication may be also useful when mini-slots are used in RF beamforming for >6GHz, so that a UE only need to monitor the beginning of a slot (instead of every mini-slot) for mini-slot scheduling. If so, a unified design can be used.
2. Indication in a broadcast control channel (e.g. a common DCI): instead of using UE-specific DCI, a broadcast control channel could be used to carry the slot structure and/or the number of DL control symbols.
a. 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 received PDSCH without decoding the broadcast control channel. The broadcast control channel is a somewhat separate discussion, but general speaking it is preferable that the system would be able to work without the broadcast control channel, but the broadcast control channel would provide additional benefit to the system (e.g. increased robustness). 
In addition, dynamic indication in DCI allows different starting OFDM symbol for each PDSCH transmission, which provide another level of flexibility.
If the search space is designed in a way that every UE has candidates that falls into the first symbol only, the scheduler can try to use the candidates in the first symbol. When there is DCI in the second symbol, it can schedule PDSCH to start from the second symbol. This is different from LTE where the UE has to decode CFI first in order to search for the candidates.
Proposal 1: Dynamic indication of the starting OFDM symbol of PDSCH transmission can be carried in the corresponding DCI.

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 PDSCH transmission can be semi-statically configured.

2.2
Dynamic resource reuse in frequency domain
The dynamic resource reuse in frequency domain has been agreed already. So it is a matter of how to reuse and how much flexibility is allowed.
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. For the scheduled UE to know which REs are occupied by control messages, dynamic signalling would be needed because scheduling decision is dynamic from slot to slot. This potentially requires the indication per PRB per OFDM symbol, which would be too much overhead for either a UE-specific DCI or a broadcast message.

Going from the possibility of supporting full flexibility to the other extreme, the simplest approach to allow some level of dynamic reuse 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 1. 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.

[image: image1]
Figure 1 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 eNB to take advantage of it. However this is a very straightforward approach and can be supported with minimum effort.
Proposal 3: PDSCH for a UE rate matches around any REs within the allocated PDSCH resources that are used by the DCI associated with 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 constraint. A similar discussion is ongoing in LTE sTTI WI (e.g. see [1]), and some of the proposals may be applicable or can be adapted to NR. These options would need to be carefully analysed in terms of complexity vs. benefit.tradeoff.
Another approach that may require limited effort is to have TBs scheduled separately in the unused resources in the control symbol(s) using mini-slots. It is likely that the resource allocation scheme in DCI would provide sufficient flexibility to cover a variety of PRB patterns. This would be a versatile approach but with additional DL control overhead. Whether or how much effort is needed would depend on how mini-slots are defined, and this can be potentially considered in a later stage after min-slot design is clearer.
The discussions above have focused on the case where the same numerology is used for DL control and DL data. If different numerologies are used, the applicability of the above approaches would need to be revisited. It is likely they can still be applicable, possibly with some limitations.
3
Conclusions
In this contribution we have discussed the issue of dynamic reuse of control resources for data, and proposed the following:
Proposal 1: Dynamic indication of the starting OFDM symbol of PDSCH transmission can be carried in the corresponding DCI.

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

Proposal 3: PDSCH for a UE rate matches around any REs within the allocated PDSCH resources that are used by the DCI associated with the PDSCH.
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