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Introduction
In LTE, two types of L1/L2 control channels are used:
· unicast control channel (PDCCH or EPDCCH) containing scheduling information
· broadcast control channel (PCFICH) required to be received by all UEs addressed in a subframe prior to decoding the PDCCH
In this contribution we discuss our view on the need for broadcasted/common L1/L2 control channels and some issues around broadcasted/common L1/L2 control channels in general and not only related to “PCFICH-like” signaling of the control region size (a dynamic control region size can be achieved without explicit signaling of the size).
Discussion
Firstly, we discuss the main objectives and functionalities that are mentioned by supporting a new physical common control channel.
It is discussed that processing time improvement can be achieved by quickly decoding the common control channel prior to PDCCH decoding by providing slot format indicator[1][2]. It seems that the UE still has to decode PDCCH to determine whether it is associated with the corresponding DL or UL transmission in that slot. So the only advantage seems to be early preparation of the processors related to DL reception or UL transmission in case they are needed after PDCCH decoding. Hence from our point of view more clarifications are needed to justify the design of a new physical control channel.
Additionally, it is suggested that broadcasting the slot format indicator is beneficial for mitigation of cross-link interference [1][2]. To achieve this goal, firstly, detection of transmissions from other cells is important. That implies the UE has to receive and decode the common control signaling for different neighboring cells which may slightly increase the processing time. Secondly, in order to take the neighboring cells activity into account, we need to ensure that this new channel is designed to penetrate far into neighboring cells which can be challenging. Finally, the investigation in our companion contributions shows that the impact of cross link interference for the deployment scenarios benefitting from dynamic TDD is either not a major issue [3][4] or can be resolved using simple solutions such as distributed switching between dynamic and static TDD. Therefore, the need for design of a new physical control channel is unclear.
Another cited benefit is enabling dynamic variation of the control region by signaling the control region size. It is important to be reminded that the reason for a dynamically varying control region in LTE was to increase the amount of resources available for data when less than three OFDM symbols are required to meet the required control-channel capacity, taking into account that PDCCH and data is purely multiplexed in time in LTE. However, there are often some number of resource elements unused in the control region in LTE. On the other hand, in NR the PDCCH candidates can be multiplexed with data potentially in frequency within or outside  the control resource sets.
Improving UE’s power saving is another cited objective for supporting common control signaling [1][5]. It is discussed that providing information such that a UE can determine if it will not be scheduled for coming slot(s) improves UE power saving as it is done in LAA with help of common PDCCH. However, it is important to note that if the intention is to enable non-scheduled UEs to save power, the combined information in both common control signaling and UE-specific PDDCH are needed. And whether this requires less power with the presence of common control signaling depends on the design of the blind decode candidates within the control resource set and how/whether the number of blind decodes depends on the control resource set size.
Other claimed benefits include dynamically signaling the presence of resources for reference signals or SR transmission which can be used by non-scheduled users for different purposes such as interference measurements [1][5]. Similarly, dynamically signaling to UEs that some resources are reserved for other purposes enables the UE to adapt the corresponding procedures and the schedulers at gNBs to adapt the resource utilization based on the need for time-critical services [1][5]. Firstly, in a beamformed system it is apparent that this common control channel cannot be received by anyone. Then the important question is how it can then really be used to enable time critical information transfer for others. Secondly, it is not clear if such functionalities are crucial for all the deployment scenarios to require designing a new control channel.  Moreover, it has to be ensured that some of the objectives or functionalities are not realizable by alternative approaches. For example, reusing the PDCCH design and making it transparent to all or a group of UEs by using a common RNTI as in LAA, can be considered as an alternative approach to fulfill some of the objectives that are proven to be beneficial.
Therefore, based on the above discussion we make the following observation and proposal:
Observation:
· The need for designing a new common control channel needs clear justifications. 
· Moreover, it is not clear that supporting a new common control channel is the only or the best approach for enabling some of the functionalities that are claimed to be beneficial.
Proposal:
· Before designing a new common control channel, studies should be carried out to justify the need for supporting such a channel.

Secondly, we discuss our view on the aspects needed to be considered with respect to the beamforming operations in NR for the potential support of a common control channel. 
One of the key features of NR is extensive support for beamforming operation across the full spectrum range, from below 1 GHz up to the mm-wave bands. To fully benefit from beamforming as a means to extend coverage it should be possible to also beamform the control channels. This has been generally acknowledged in RAN1 and is visible in decisions such as support for UE/PDCCH-specific DM-RS
Broadcasted/common control channels do not blend very well with extensive use of beamforming as at least all UEs addressed in the particular slot (or set of slots depending on the information carried by the broadcasted/common control channel) need to receive the scheduling information. Either the broadcasted/common channel has to be transmitted with a sufficiently high power to be received by all (scheduled) UEs or it has to be simultaneously beamformed in all directions where there is a UE requiring the broadcasted information (which may not be possible with analog beamforming in all cases). 
Therefore, it is suggested to avoid relying on broadcasted/common control channels (such as PCFICH) for downlink control signaling.
It has been suggested that the common control signaling can be beamformed similar to PBCH [1]. More detailed studies are needed to investigate the benefits of this approach. One consideration is the impact on delay introduced due to beam sweeping..
Moreover, in case of analog beamforming, all the UEs being addressed by the broadcast/common control channel should be on the same beam. In order to support signaling the UE specific and common control signaling in the same OFDM symbol the UE with UE specific PDCCH should be on the same beam as the UEs with common PDCCH. That eventually limits the benefits of the common control channel to the small group of UEs that are addressed in the beam which makes the common control channel group specific. However, this group may be a quite small subset of the UEs being served. Alternatively the UE specific PDDCH should not coincide with the common control signaling in time which introduces additional delay. 
In case of digital beamforming, it is more efficient to beamform the UEs individually to achieve the beamforming gain which implies the total power per beam is reduced due to signaling multiple UEs simultaneously. That would affect the performance of the beamformed UE specific PDCCH as well. Studies have to be performed to determine whether the reduced beamforming gains are sufficient.
Therefore, it is important to investigate whether the expected benefits are still achieved and the design of a new common control channel is well justified.
Based on the above discussion we observe and propose the following:
Observations:
· The benefit of a physical downlink common control channel is questionable with the use of beamforming. 
· It is not justified to mandate the usage of a physical downlink common control channel (such as PCFICH) even if such a channel is defined 
Proposal:
· A new physical downlink common control channel should not be defined for NR unless more studies are performed to ensure that operating with such a channel provides the cited benefits in a system utilizing beamforming.
· A physical downlink common control channel should not be mandated for the operation of NR.
Conclusion
In this contribution we have discussed the need and the issues for designing a broadcasted/common L1/L2 control channels (such as PCFICH) for downlink control signaling. Based on the discussions we made the following proposals:
Proposals:
· Before designing a new common control channel, studies should be carried out to clearly justify the need for supporting such a channel.
· A new physical downlink common control channel should not be defined for NR unless more studies are performed to ensure that operating with such a channel provides the cited benefits in a system utilizing beamforming.
· A physical downlink common control channel should not be mandated for the operation of NR.
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