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1. Introduction
In RAN1 Jan. Ad Hoc meeting, search space was discussed and the following agreements were achieved:

· A control resource set is defined as a set of REGs under a given numerology

· Control search space includes at least the following properties

· Aggregation level(s)

· Number of decoding candidates for each aggregation level

· The set of CCEs for each decoding candidate

· FFS: if any of the following properties belong to control resource set or control search space

· Transmission/diversity scheme

· CCE to REG mapping

· RS structure

· PRB bundling size

· FFS: if the control resource sets can overlap or not

· FFS: whether the mapping between control resource set and control search space is one-to-one or one-to-many
· NR-PDCCH transmission supports robustness against beam pair link blocking

· UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously, where

· M≥1. Maximum value of M may depend at least on UE capability.

· FFS: UE may choose at least one beam out of M for NR-PDCCH reception

· UE can be configured to monitor NR-PDCCH on different beam pair link(s) in different NR-PDCCH OFDM symbols

· FFS: NR-PDCCH on one beam pair link is monitored with shorter duty cycle than other beam pair link(s). 

· FFS: time granularity of configuration, e.g. slot level configuration, symbol level configuration

· FFS: Note that this configuration applies to scenario where UE may not have multiple RF chains
· FFS: The definition of monitoring NR-PDCCH on beam pair link(s).

· Parameters related to UE Rx beam setting for monitoring NR-PDCCH on multiple beam pair links are configured by higher layer signaling or MAC CE and/or considered in the search space design

· FFS: Required parameters

· FFS: Need to support both higher layer signaling and MAC CE
In this contribution, we provide some further considerations on control search space as well as the control resource set.
2. Discussions
2.1. Properties in control search space
During last meeting, it has been agreed that a control search space is associated with the properties including aggregation level(s), decoding candidates for each aggregation level, and the set of CCEs for each decoding candidate. Nevertheless, the exact numbers depend on further evaluation.

For NR-PDCCH, the set of aggregation levels depends on the NR-CCE definition. To be more specific, it depends on the number of available REs on a per NR-CCE basis. In [1], we expressed our point of view on the definition of NR-CCE, with the number of available REs per NR-CCE close to the CCE size in PDCCH in most cases. Consequently, it should be possible to reuse the aggregation levels as PDCCH (AL = {1, 2, 4, 8}) because it can simplify the NR-PDCCH link adaptation procedures. 
In addition, some other aggregation level(s), e.g., AL = 16 and/or 32 can also be considered for NR-PDCCH. This is motivated by the possibility of reduction in the number of available REs per NR-CCE, limited frequency diversity in control resource set with small bandwidth, and the use of random beamforming for distributed transmission, etc. There may exist a BLER gap relative to PDCCH is at low SINRs in such cases, and therefore it should be compensated by doubling/quadrupling the allocated NR-CCE. 
Proposal 1: 
· Aggregation levels AL = {1, 2, 4, 8} can be considered as a baseline for NR-PDCCH.

· Other aggregation level(s), e.g., AL = 16 and/or 32 can also be considered.
Similar to PDCCH/EPDCCH, split of blind decoding candidates to different aggregation levels can be reused. Note that the number of blind decodes for PDCCH/EPDCCH USS is 32 (or 48 when UL MIMO is configured) per serving cell. Consider a sparsely nested structure given in our companion contribution [2]. If 4 aggregation levels, i.e., AL = {1, 2, 4, 8} are supported, the decoding candidates as one example can be considered with AL1: 8, AL2: 4, AL4: 2, AL8: 2. For the case when the AL set is on higher aggregation levels, the decoding candidates can be considered as AL2: 8, AL4: 4, AL8: 2, AL16: 2.
In EPDCCH, when up to two EPDCCH sets per carrier are configured for a UE, the decoding candidates for each aggregation level are split between the sets to keep the total number of blind decoding attempts at the same level. Such principle could be reused and extended in NR, where a UE may be configured with multiple control resource sets in the same carrier. In this case, the blind decoding candidates for the UE should split between the configured control resource sets. 
Proposal 2: Split of decoding candidates between aggregation levels and/or control resource sets.
In LTE, one specific associated transmission parameter set is predefined or configured for one PDCCH/EPDCCH transmission within one CSS/USS, including transmission scheme, RS structure, mapping scheme, time/frequency resource, etc. This association mechanism can be reused for NR-PDCCH, namely, different transmission parameters including resource mapping [1] and/or transmission schemes [3], RS structure, time/frequency resource and even beam pair link can be associated with CSS and USS.

A UE may be possible to monitor one or more control messages in one or multiple instances. For example, in multi-point coordinated transmission based on non-coherent JT with distributed scheduling, a UE can receive more than one control information respectively from different TRPs. Another example is that a UE can be configured to monitor NR-PDCCH on multiple beam pair links simultaneously or in different OFDM symbols. Transmission performance in different search spaces may be different. Some search spaces may aim for robust control channel transmission using transmit diversity whereas the others may aim for capacity enhancing schemes using dedicated precoding. Thus, a UE can be configured to monitor multiple search spaces with different transmission parameters.
Proposal 3: 
· Transmission parameters, at least including transmission scheme and/or RS structure should be associated with CSS/USS.

· UE can be configured to monitor multiple search spaces with different transmission parameters for one control message.

In LTE EPDCCH, a set-specific random parameter [image: image2.png]


 is used to determine the first ECCE of a candidate in each set. The reasons are as follows. In the case that the configured multiple search spaces for the same UE are of the same type and point to distinct control resource sets, the number of available REs for each NR-CCE is unbalanced among different control resource sets due to the differences of, e.g., bandwidth/numerology, demodulation RS density, etc. Thus, for DCI with high payload size, some potential candidates for low aggregation level may not be decodable. In order to increase the number of decodable candidates, the control resource set-specific randomization of candidates among the control resource sets is needed. At the same time, randomizing the location of NR-PDCCH candidates in different control resource sets can also reduce the blocking probability. Consequently, it would be beneficial to adopt the same principle. That is, have different starting position definition for multiple control resource sets.

Proposal 4: Set-specific starting position of NR-PDCCH should be supported to randomize the start NR-CCE in different control resource sets.
2.2. Configuration of control search space
For initial access facility of all UEs, one search space should be configured within a default control resource set for scheduling of, e.g., SIB1 and SIB2, etc. For resource flexibility, the frequency-domain resource of the default control resource set should be configured via MIB. Such control resource set can also be used for UE-specific control signaling and other common control signaling other than SIB1 and SIB2.

Because of various UE capabilities, the default control resource set should be with the minimum possible bandwidth supported by all UEs. If 5 MHz or 20 MHz is assumed as the maximum bandwidth for initial access, such control resource set thus is preferred not to span over a bandwidth larger than 5 MHz or 20 MHz. Moreover, note that the at most 16 CCEs in LTE PDCCH are used as common search space. Assuming that 2 OFDM symbols are used for the control resource set, 5 MHz or 20 MHz, i.e., about 26~28 REGs in frequency domain will be enough to achieve a similar capacity according to the proposed NR-CCE structures in our company contribution [1]. It is also straightforward that such control resource set should consist of contiguous REGs to achieve large enough capacity, whereas the NR-CCEs for a single NR-PDCCH can come from non-contiguous NR-REGs for transmission robustness. 

Proposal 5: 
· A UE is configured with search space within a default control resource set with bandwidth of no large than 5 MHz or 20 MHz for initial access.
· A UE can also be configured to monitor other common or UE-specific control signaling within the default control resource set.
With the consideration of the limited resources in the default control resource set, additional control resource set(s) can be configured in a UE-specific way using RRC signaling. This will potentially decrease control channel collisions among different UEs. Since UE capabilities vary from UE to UE, the location in frequency domain, the number of OFDM symbols, and the number of PRBs, etc. can also be configured UE-specifically for the additional control resource set(s).
It has been agreed that a control resource set is defined under a given numerology. The demerit of having the additional control resource set to support UE-specific search space mainly comes from the following aspect. Since UE may have to receive (group) common control signaling and UE-specific control signaling within one slot, UE will have to simultaneously support more than one FFT processing or support symbol level FFT processing switching if different numerologies are used for the default and the additional control resource sets. This will increase UE complexity and introduce process latency. As a result, at least (group) common search space should be supported in additional control resource set.

Proposal 6: A UE can be configured to monitor (group) common search space and UE-specific search space within an additional control resource set.
It is worth noticing that a UE is unable to receive RRC signaling until it is successfully associated with a cell. If all UEs are congested in one default control resource set before the RRC signaling is received, the limited control resource becomes a bottleneck of net performance. Although the control resource set can be enlarged by increasing the bandwidth, it will, in turn, block some UEs with small UE capabilities. Therefore, indicating additional resource set with dedicated RRC signaling is not enough. 
One approach can be considered to solve this problem, where the UE is assigned to one or more additional control resource sets via other signaling as early as possible, e.g., RAR or Msg. 4. It is beneficial to solving such congestion problem on one control resource set. During random access procedure, a UE can feedback its capability along with preamble or Msg. 3. The gNB can then allocate an additional UE-specific resource set with wide enough bandwidth according to the UE capability. Such signaling can be transmitted via either RAR or Msg. 4. Thus, transferring of load from congested control resource set to less busy ones can improve the overall net performance.  

Proposal 7: Additional control resource set can also be configured using either RAR or Msg. 4.
To enable the robust transmission and detection of NR-PDCCH, a UE can be configured to receive one control message with multiple beam pair links simultaneously or in different OFDM symbols [4]. Therefore, multiple beam pair links can be associated with multiple search space types and/or multiple control resource sets. For example, a UE can receive one control message from multiple control resource sets wherein different beam pair links are used for each control resource set. The channel estimation among these different resource sets cannot be reused, thus resource set-specific self-contained demodulated RS should be used.
Proposal 8: UE can be configured to monitor multiple control resource sets for NR-PDCCH wherein each resource set associated with one self-contained demodulation RS.
3. Conclusions
Our proposals in this contribution are summarized as follows.

Proposal 1: 
· Aggregation levels AL = {1, 2, 4, 8} can be considered as a baseline for NR-PDCCH.

· Other aggregation level(s), e.g., AL = 16 and/or 32 can also be considered.

Proposal 2: Split of decoding candidates between aggregation levels and/or control resource sets.

Proposal 3: 
· Transmission parameters, at least including transmission scheme and/or RS structure should be associated with CSS/USS.

· UE can be configured to monitor multiple search spaces with different transmission parameters for one control message.

Proposal 4: Set-specific starting position of NR-PDCCH should be supported to randomize the start NR-CCE in different control resource sets.
Proposal 5: 
· A UE is configured with search space within a default control resource set with bandwidth of no large than 5 MHz or 20 MHz for initial access.

· A UE can also be configured to monitor other common or UE-specific control signaling within the default control resource set.
Proposal 6: A UE can be configured to monitor (group) common search space and UE-specific search space within an additional control resource set.

Proposal 7: Additional control resource set can also be configured using either RAR or Msg. 4.
Proposal 8: UE can be configured to monitor multiple control resource sets for NR-PDCCH wherein each resource set associated with one self-contained demodulation RS.
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