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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

In this contribution, we discuss some options for achieving transmit diversity for the downlink control channels received in a UE-specific search space.
Discussion
Robustness of control channels is important and a key factor that determines the performance of the system. Hence, it was agreed that some form of transmit diversity should be provided to the UE. We note that transmit diversity can be provided in multiple ways. Space time/frequency block coding (STBC or SFBC) is a well-known technique that can provide diversity with two antenna ports. Precoder cycling is another approach that can be used with and without transparent DMRS. 
In case of transparent DMRS (data RE and DMRS RE use the same precoder), the precoder changes per RB and the PRG is set to 1 RB, hence the gNB is free to select the precoder for each RB and is thus responsible for providing the frequency-spatial diversity. In this case, a single DMRS port is sufficient per RB. Alternatively, the precoder changes per RE, and two or more DMRS ports is used per RB, each associated with a subset of the RE in that RB. This approach is adopted for EPDCCH in LTE with 2 DMRS ports.  
In non-transparent DMRS case (data RE and DMRS RE does not use the same precoder), precoding vectors to cycle through are specified, which gives the possibility to have a large number of different precoder without scaling the DMRS overhead with the size of the precoder set. This is used for rank>1 in TM3 in LTE and works well for 2 CRS ports. In the case of 4 CRS ports, there is a risk that some of the precoders in the set are pointing in the channels null-space and thus the performance of precoder cycling is less robust as it depends on the channel correlation.  
SFBC techniques are more beneficial at higher coding rates and correlated channels between antennas, where the diversity achieved via channel decoding is low and techniques such as frequency shift transmit diversity or precoder cycling provide limited gains. Thus, SFBC could be beneficial when the SINR is high and a low aggregation level, e.g., aggregation level 1 is used. In such a situation, the use of SFBC allows for higher coding rates, lower CCE overhead and hence the multiplexing of a greater number of PDCCHs for different users for a given size of the control resource set (CORESET).  
While such overhead is low, it is not clear if there are many practical scenarios where a lot of users with high SINRs using low aggregation levels need to be multiplexed together in the same slot. The use of a technique such as precoder cycling has the benefit of greater flexibility than SFBC to adapt to different conditions. 
For instance, such a scheme could operate transparently so that the UE is not aware of the particular set of precoders being used by the gNB and how the cycling between them is being performed. This gives the gNB the ability to adapt seamlessly to both localized and distributed PDCCH transmissions without changing the transmission scheme. 
The gNB may choose to use PDCCH transmission mapped across multiple RBs without cycling through different precoders per RB or may use per-RB cycling dependent on the knowledge of the channel at the gNB. The set of REs over which the UE may assume that the effective channel is unchanged (i.e. the PRG size) needs to be defined. The structure of a control channel in terms of the size of REGs and CCEs and how the CCEs are structured is discussed in [2]. A pair of REGs contiguous in frequency or a CCE composed of four REGs contiguous in frequency is a good choice for a set over which the precoder chosen by the gNB is the same.
It is worthwhile noting that the use of an SFBC scheme can limit the victim UEs interference suppression performance. For instance, if two DMRS ports are defined for the control channel message, with the use of precoder cycling or SFBC, a victim UE that does not know which REs are associated with the different states of the diversity precoding will effectively see a two-layer interferer and will thus use up two degrees of freedom in the receiver although the transmission is inherently single layer.  While it is possible at least theoretically for victim UEs to determine the diversity precoding or precoder state of an interferer, it has so far proved difficult in LTE e.g. in the context of NAICS.
If the gNB wants to enable MU-MIMO operation for control channels, a single DMRS port precoder cycling per PRG is more attractive since the same cell UE can suppress interference from the overlaid MU-MIMO transmission by using the antenna port not used for the UE’s PDCCH transmission for estimation of parameters related to the interference. Victim UEs in adjacent cells will “see” a rank 1 interferer which in the IRC receiver which allows for more efficient suppression. If an SFBC transmission over both antenna ports is used, such flexibility and performance in enabling MU-MIMO would be degraded.
Considering the flexibility and transparent adaptation possible with precoder cycling, it should be the basic scheme that is used for providing transmit diversity. 
Proposal: Precoder cycling with transparent DMRS should be used for providing transmit diversity for PDCCH transmissions.
As discussed above, while SFBC may be useful in some scenarios, it is not clear how often these scenarios occur in practice. Furthermore, the gains of using SFBC in addition to precoder cycling over the use of only precoder cycling are not typically large when the coding rate is not high. Thus, the use of SFBC in addition to precoder cycling can be considered if further investigations show some significant benefits in realistic scenarios.
Precoder cycling can be used with one or more antenna ports. Considering that 2 port transmissions are being considered for all channels including for PBCH, it is reasonable to define 2 ports for the transmission DL control channels. The precoder cycling can be done across the two ports. Furthermore, the definition of two ports will allow MU-MIMO operation for control channels where the UE can perform some suppression of the interference from the other control message transmission.
[bookmark: _GoBack]A second case where SFBC techniques could be useful is at lower block error rates, such as those that may be required for URLLC applications.  Because it provides maximum diversity order, SFBC tends to have greater gains as the block error rate decreases as compared to schemes.  However, as the code rate drops sufficiently (with sufficiently high aggregation level), again SFBC and repetition based schemes such as cycling will perform similarly.
Similarly, MTC devices may only have one antenna, and so diversity will be more important for this application.
From the above discussion, we can see that two ports can be useful for either MU-MIMO or SFBC, as well as for precoder cycling. Which of these schemes are specified depends on the performance requirements for relevant use cases, and requires further study. This leads us to the following observation and proposal.
Observation: Two ports can be useful for either MU-MIMO or SFBC, as well as for precoder cycling.
Proposal: Two antenna ports can be considered for DL control channel transmissions
Conclusion
In this contribution we discussed transmit diversity for DL control channels in UE-specific search spaces. We proposed the following.
Observation:
· Two ports can be useful for either MU-MIMO or SFBC, as well as for precoder cycling.
Proposals: 
· Precoder cycling with transparent DMRS should be used for providing transmit diversity for PDCCH transmissions.
· Two antenna ports can be considered for DL control channel transmissions
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