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Introduction
In the RAN1 NR Ad Hoc [1], the following was agreed.
Agreements:
· Transmit diversity scheme for DL control channel is supported.
· FFS; SFBC or precoder-cycling, etc
· Other schemes are not precluded
· FFS number of antenna ports (1 or 2)
· A UE assumes fixed number of RS REs per REG for control channel rate matching when the REG contains RS REs
· FFS; If the fixed number is configurable

Some possibilities for provision of transmit diversity when receiving PDCCHs in UE-specific search spaces were discussed in [2]. In this contribution, we discuss some options for achieving transmit diversity for the downlink control channels received in a common search space.
Discussion
A common search space where multiple UEs can receive a control message is going to be critical to the operation of NR. For instance, when beamforming is necessary in higher frequency bands, during initial access to an NR system, the UE needs to access a common search space after synchronizing to the system and choosing its cell/beam, where more detailed information regarding the system can be provided to the UE. 
Since a common search space is used, as in LTE, to send control messages addressed to many UEs in the cell, these control messages may not have the benefit of beamforming gains or link adaptation gains that can be achieved with a UE-specific control message. In NR, it may also be the case that the common control messages may be sent over a different wider beam than UE-specific messages and need to reach the entire coverage area. Thus, these messages need to have greater robustness to compensate for the loss in coverage. It is therefore expected that common control messages would mostly be transmitted using low coding rates (<1/3) and thus higher aggregation levels, e.g., 4 or 8 CCEs or even higher (TBD). 
Transmit diversity schemes for UE-specific search spaces were discussed in [2] and it was proposed that precoder cycling should be used as the basic scheme to provide diversity considering the flexibility it allows in using a single scheme to adapt to different scenarios. With regard to common control messages, while diversity is very important in order to ensure robustness, it is worth noting that at the coding rates expected for these messages, the addition of SFBC is not necessarily going to provide significant additional diversity gains since the strong channel code already harvest most of the gain from the frequency selective channel after precoder cycling. 
Observation: For common search space PDCCH, the code rate is low and the strong channel code can harvest most of the diversity gain from a frequency selective channel
 
Considering the above, even though common control messages have been seen in the past as a good motivation to use SFBC, it is not clear that from a system performance perspective, there is sufficient motivation to add an SFBC scheme for diversity specifically for the common control channels. The use of an SFBC scheme can also limit flexibility as noted in [2].
Although the need for NR to be flexible across a wide range of scenarios, it is beneficial to have a single scheme for transmit diversity for control channels across both UE-specific and common search spaces. In essence, our top priority is to avoid specifying different schemes for the UE specific and common control channels. We therefore propose the following. 
Proposal: The same transmit diversity schemes should be used for both common and UE-specific control messages.
Conclusion
In this contribution we discussed transmit diversity for DL control channels in common search spaces. We made the following observation.
Observation: For common search space PDCCH, the code rate is low and the strong channel code can harvest most of the diversity gain from a frequency selective channel
[bookmark: _GoBack]Based on the discussion, we proposed the following.
Proposal: The same transmit diversity schemes should be used for both common and UE-specific control messages.
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