
[bookmark: _GoBack]TSG-RAN WG1 #86bis	R1-1609619
Lisbon, Portugal, October 10 – 14, 2016

Source:	Ericsson
[bookmark: Title]Title:	On downlink control channels
[bookmark: Source]Agenda Item:	8.1.7.1
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction
In this contribution some high-level views on downlink control signaling are summarized.
Discussion
Beamforming and control channels
Beamforming and various multi-antenna schemes will play an important role in NR. To fully benefit from beamforming, it is important to be able to beamform not only downlink data but also the downlink control signaling. This leads to a couple of principles
· Downlink control channels, e.g. PDCCH, need to have their own reference signals for demodulation
· Broadcast control channels, such as the PCFICH in LTE, should be avoided 
Compared to LTE, only the PDCCH is needed. The PCFICH should be avoided for the reasons above and since a asynchronous HARQ is the baseline, there is no need for a PHCIH either.
Forward compatibility and frequency-domain mapping
To ensure a high degree of forward compatibility, transmissions should not be spread out across the full system bandwidth in a static manner as is the case with the LTE control channels. In particular if one envisions different UE capabilities in terms of the supported bandwidth not all UEs may be able to support the full system bandwidth and the UE may not even be aware of it. Hence, control channels should adhere to the “stay-in-the-box” principle.
· Downlink control channels should be localized to a “subband”, i.e. not spanning the full system bandwidth.
Time-domain mapping
The NR design should support low latency and a pipelining-friendly structure is key for this. Therefore, the downlink control channels should be located at the beginning of the slot, e.g. in the first OFDM symbol. If a large number of control channels need to be supported in one slot (or set of aggregated slots), multiple OFDM symbols may be needed. In order to allow for dynamically varying control region, it is beneficial if not all control channel candidates span across multiple OFDM symbols as this would allow a UE to decode a control channel in the first OFDM symbol and start receiving data in the second one in case that OFDM symbol is not used for control signaling in a particular slot.
· Downlink control signaling is located in the first OFDM symbol(s) of a slot.
Blind decoding and DCI formats
Blind decoding of PDCCH candidates and DCI formats is used in LTE. This principle can advantageously be reused in NR although the number of blind decoding attempts should preferably be kept low. In LTE, the number of different DCI formats are fairly large and many of them differ in payload size with just a few bits. One possibility to simplify this structure could be to define a relatively small number of DCI payload sizes (e.g. 20, 40, 60 bits) and have a small header of a few bits indicating how the remaining bits should be interpreted.
· Blind decoding of PDCCH candidates is the baseline. Try to simplify the decoding process by a more structured DCI formats than in LTE.
URLLC and control channels
Some URLLC services may require a very high reliability compared to the ~1% error rate sufficient for eMBB and targeted in LTE. Control-channel reliability can be improved by higher aggregation levels, power boosting, and various forms of diversity. Additionally, blind detection of a small number of reasonably-sized data payloads can be used to avoid control-channel errors impacting the overall error probability. 
Conclusion
It is proposed to adopt the following for NR:
· Control channels have their own reference signal to enable beamforming
· Broadcast control channels are avoided
· Downlink control channels should be localized and not span the full system bandwidth
· Downlink control channels should be located in the first OFDM symbol(s) of a slot


