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Introduction
Following agreements were achieved related to monitoring of DL control channel at the last meeting [1]. 
Agreements at RAN1#87:
· The time/freq. resource containing at least one search space is obtained from MIB/system information/implicitly derived from initial access information
· Time/freq. resource containing additional search spaces, can be configured using dedicated RRC signaling
· Other solution is not precluded

Agreements at RAN1#87:
· At least for single-stage DCI design:
· A control resource set (formerly called control subband) is, in the frequency domain, a set of PRBs within which the UE attempts to blindly decode downlink control information
· The PRBs may or may not be frequency contiguous
· A UE may have one or more control resource sets
· Working assumption: One DCI message is located within one control resource set
· In frequency-domain, a PRB is the resource unit size (may or may not including DM-RS) for control channel

Agreements at RAN1#87:
· NR should support dynamic reuse of at least part of resources in the control resource sets for data for the same or a different UE, at least in the frequency domain
· FFS if resource reuse can be done in time domain as well
· FFS: DL data DM-RS location in time should not vary dynamically as a consequence of dynamic reuse of control resources for data
· FFS: time/frequency granularity of the resource reuse
· FFS: signaling needed, if any

Agreements at RAN1#87:
· when the control resource set spans multiple OFDM symbols, NR support a control channel candidate to be mapped to multiple OFDM symbols or to a single OFDM symbol
· The gNB can inform UE which control channel candidates are mapped to each subset of OFDM symbols in the control resource set. FFS: details of the signaling (implicit or explicit)

In this contribution, we discuss DL control channel monitoring from the aspects of search space, control resource set and mapping of control channel candidates in the control resource set. Based on the discussion, our views will be shared accordingly. 

Search Space  
 UE-common search space and UE-specific search space 
It is preferred for NR to minimize broadcast/UE-common channel(s) from forward compatibility viewpoint. However, it would still be necessary to support DL control signaling monitorable without UE-specific configuration for, e.g., the scheduling information of RAR, paging, and system information, etc. Note that it is FFS whether this type of common search space is also necessary for non-stand-alone operation, e.g., when the NR carrier is the secondary carrier of NR-NR/LTE-NR dual connectivity or NR-NR carrier aggregation and the search space configuration for the NR carrier is available through the primary LTE/NR carrier using UE-specific higher-layer signaling. 
Besides the above-mentioned search space monitorable without UE-specific configuration, additional search space(s) configured UE-specifically should be used for unicast scheduling information delivery. It should be possible to distribute blind decoding candidates for different UEs in a control resource set or in a search space. It should also be possible to align blind decoding candidates for different UEs to save the DL control signaling overhead if/when multicast type of data scheduling is operated. 
For NR, diverse services would be supported. Different services have quite different requirements for NR; for example, 1% BLER of DL control channel would be typical for eMBB, while much lower BLER of the DL control channel may be necessary for URLLC. To satisfy different requirements, different transmission features such as numerologies, transmission schemes, and equivalent coding rates should be enabled for DL control channels for different services; For example, smaller subcarrier spacing would be desirable for the eMBB services for higher spectral efficiency and larger subcarrier spacing would be better for the URLLC for shorter latency even for the same carrier frequency range. Considering this situation, at least from the network viewpoint, and even from the UE viewpoint sometimes, multiple UE-common search spaces would be useful for multiple services. For example, multiple UE-common search spaces can contain RACH related control information for multiple services so as to provide suitable random access procedure at the very initial stage. As for the transmission of unicast control signaling, it is straightforward to enable configuring multiple UE-specific search spaces. The benefits of multiple UE-specific search spaces are already clear even for UEs supporting only one service; different transmission schemes (e.g., TxD or beam-forming), different resource mapping schemes (e.g., localized or distributed), different control subband bandwidth, etc, between/among different DL control channel candidates, are enabled. This has already been supported in LTE for EPDCCH as multiple search space sets.

Monitoring of search space 
At the last meeting, it was agreed that the time/freq. resource containing at least one search space is obtained from MIB/system information/implicitly derived from initial access information and time/freq. resource containing additional search spaces, can be configured using dedicated RRC signaling. To be more specific, parameters for the UE-common search space(s) can be informed via broadcast/SIB and the parameters for UE-specific search space is signaled by dedicated RRC signaling. In addition, at the RAN1#86bis meeting, it was agreed that UE-specific DL control information monitoring occasions at least in time domain can be configured. For example, various periodicities like every slot, every multiple of slots, every mini-slot and every multiple of symbols can be configured. These monitoring occasions of UE-specific search space can be included in this dedicated RRC as well. Similarly, When UE-common search space is supported, the monitoring occasions can be configured or derived by the information in the broadcast/SIB. On the UE side, UE monitor the UE-common search space and UE-specific search spaces independently based on the configuration. When the monitoring occasions of multiple configured search spaces e.g., UE-specific search space and UE-common search space(s) are overlapped in time, UE will monitor all of them. 

Proposal 1: UE-common (or UE-group common) and UE-specific search spaces are supported
· Multiple UEs monitor the UE-common (or UE-group common) search space(s)
· Parameters of this search space(s) are provided by broadcast/SIB
· UEs supporting multiple services may monitor multiple UE-common search spaces
· Each UE monitors the UE-specific search space(s)
· Parameters of this search space(s) are provided by RRC signaling
· UEs supporting even one service may monitor multiple UE-specific search spaces
· UE monitors common/specific search spaces on independent monitoring occasions
· Common search space on every slot or every multiple of slot based on broadcast/SIB
· UE-specific search space on various periodicities like every slot, every multiple of slot, every mini-slot, every multiple of symbols, every symbol, etc. based on the RRC configuration
· At the monitoring occasion where UE-common search space and UE-specific search space overlap, the UE monitors both of them simultaneously
Control resource set
Size of control resource set in time domain
One control resource set consists of one or a few OFDM symbol(s) of one slot or one mini-slot. One remaining issue for the control resource set is how to determine the time duration of one control resource set. Since in the PRBs constituting control resource sets, control information and data are multiplexed in TDM manner and there is very tight relationship between the time duration of the control region and the start position of the data. We will discussion these two aspects together in this section. 
During the last meeting, it was discussed the time duration of the control resource set can be determined in semi-static way or in dynamic way. The main motivation to enable dynamic change of the time duration of the control resource set is to ensure efficient multiplexing between control region and data region so that spectral efficiency is improved. Here, one precondition to obtain the improved spectral efficiency is the starting position of the data should be able to change dynamically so as to adapt to the change of the time duration of the control resource set. If the starting position of the data region is configured by higher layer signaling, then dynamic change of the time duration of the control resource set is meaningless. So, the key issue is whether to enable the starting position of the data change in semi-static way or dynamic way. 
From our perspective, it is desirable to enable dynamic change of the starting position of data to avoid resource wastage and to improve the spectral efficiency. For LTE, such dynamic starting position was supported since Rel. 8 and works very well so far. Then, one come-up question is how to notify the time duration of the control resource set and the starting position of data. Since the main motivation to notify the time duration of the control resource set is to determine the starting position of data on the PRBs constituting the control resource set, so we will focus our discussion on how to determine the starting position of data region in dynamic way. 
Direction 1: Explicit way 
In this direction, the starting position of the data is directly informed to UE by signaling. In addition, this kind of information can be carried out in UE-common way or in UE-dedicated way. 
· Alt.1-1: PCFICH-like channel/ signaling-based  
PCFICH-like UE-common channel/signal is defined for informing the start of the data as shown in Fig.1. However, the PCFICH-like signal is not matched to the use-case of analog-BF for mmwave. Furthermore, considering that control resource set(s) would not span across the whole bandwidth and there would be multiple control resource sets with different number of OFDM symbols in one carrier which are configured for the same or different UEs, the appropriate start of the data region would be different depending on the frequency location on which the data is scheduled. In this case, it may not be feasible to indicate the start of the data by the PCFICH-like signal in UE-common manner.

Figure 1 PCFICH-like signal -based notification 
· Alt.1-2: DCI-based 
One field is included in the DCI to indicate the starting position of the data as shown in Fig.2. Since the starting position of data can be informed in UE-specific way, in this case the starting position of the data can be configured in more flexible way. The drawback of this alternative is more additional signalling overhead due to the dedicated informing way for each scheduled data block. 

Figure 2 DCI-based notification
Direction 2: Implicit way 
Here an implicit solution in our consideration is to rely on the blind detection on the time duration of the control resource set with the assumption that the data transmission is right after the end of the detected control signaling. The following two alternatives can be considered. 
· Alt.2-1: Control resource set based 
In this alternative, one UE is configured with multiple control resource sets that may or may not have different sizes in time. On the network side, eNB can schedule the control information in different control resource set based on different situation. In addition, the scheduled data should also start right after the end of selected control resource set. On the UE side, UE will perform blind detection within the configured multiple control resource sets. Depending on which control resource set a DL DCI is detected, data starting position is determined accordingly. As shown in the example of Fig.3, two resource sets with different time durations are configured for one UE, and if the scheduling DCI is detected in set A, then the UE assumes the scheduled data would start after the end of set A. Similar way can be applied if DCI is detected in set B. For a UE configured with one control resource set only, the data always starts after the control resource set configured for the UE.
 
Figure 3 Control resource set-based derivation
· Alt.2-2: Blind decoding candidate based 
In this alternative, the time duration of the control resource set is configured by higher layer signaling. Within the control resource set, UE is configured with multiple blind decoding (BD) candidates having different sizes in time. On the network side, eNB can transmit control information in different BD candidates with different time duration and the scheduled data should be right after the end of the selected BD candidate. On the UE side, once the DCI is detected in one certain BD candidate, the UE also assume the end of this BD candidate is the start position of the scheduled data. As shown in in the example of Fig.4, within the control resource set, BD candidate A and BD candidate B with different time duration are configured. UE perform blind detection on these configured candidates. Once DCI is detected in BD candidate A, then UE will also assume the start of the data transmission is the end of the BD candidate A. 
 
Figure 4 Blind decoding candidate-based derivation
These two implicit alternatives could remove the rely on UE-common or UE-dedicated signalling so as to save the signaling overhead by sophisticated scheduling. On the other hand, this kind of sophisticated scheduling may restrict the scheduling flexibility and increase the complexity.  
Proposal 2: Enable the start position of the data to change dynamically 
· PCFICH-like signaling should not be set as the basic solution 
· Further investigate the DCI-based solution
· Further investigate blind decoding based solution 
Control channel candidate mapping within control resource set 
Since one or multiple OFDM symbols duration are possible for one control resource set, how to map the control channel candidate in time domain within control resource set with multiple OFDM symbols should be further discussed. 
For higher frequency, it would be better to confine each DCI message within one symbol, so that analog-beamforming is available. For coverage limited case, one DCI message should be able to span over multiple symbols to improve the coverage. In this case, it is better to allow control channel candidates to be mapped across multiple OFDM symbols when one control resource set spans 2 symbols and 3 symbols. To enable more scheduling flexibility, control channels with various time duration can be supported and these control channel candidates could be located in different OFDM symbols. One example is shown in Fig.5. When the time duration of one control resource set is 3 OFDM symbols, control channel candidate could span across 1,2 or 3 OFDM symbols. In addition, for the control channel candidates with 1 or 2 OFDM symbol duration, they are located in different OFDM symbols. With these candidate structures, even if a given control resource set has semi-static duration in time, each DCI message can be confined within a limited number of symbols. This enables dynamic change of data starting position in a slot without breaking pipeline processing approach, and also multiplexing DCIs for different UEs requiring different beams in TDM manner.
When control channel candidates with different time durations and different time locations coexist in one control resource set, various possible DM-RS position settings can be considered for different purposes. As shown in Fig.5(a), the DM-RS for each candidate is mapped at the earliest OFDM position, then UE could perform the channel estimation as early as possible to reduce the processing time. To improve channel estimation performance, it can be considered that concentrating the DM-RS of control channel candidates within certain OFDM symbols as much as possible to enable the DM-RS sharing among multiple control channel candidates. As illustrated in Fig.5 (b), the DM-RS within the second OFDM symbol can be shared by control candidate #2,#4,#5 and #6. It is also possible to map DM-RS on all the OFDM symbols for a given control channel candidate, so that BF-cycling is available in time-domain for a given control channel candidate. 


Figure 5 Examples of the control channel candidate mapping and DM-RS mapping in time domain
 
Proposal 3: Control channel candidates can be mapped across various number of OFDM symbols and be located in different OFDM symbols within the time duration of one control resource set  
· Further investigate DM-RS position when control channel candidates with different time durations and time locations co-exist in one control resource set 

Conclusion 
In this contribution, we discussed the search space design and monitoring, size of control resource set and control channel candidate mapping within control resource set. Based on the discussion, our views are summarized as follows. 

Proposal 1: UE-common (or UE-group common) and UE-specific search spaces are supported
· Multiple UEs monitor the UE-common (or UE-group common) search space(s)
· Parameters of this search space(s) are provided by broadcast/SIB
· UEs supporting multiple services may monitor multiple UE-common search spaces
· Each UE monitors the UE-specific search space(s)
· Parameters of this search space(s) are provided by RRC signaling
· UEs supporting even one service may monitor multiple UE-specific search spaces
· UE monitors common/specific search spaces on independent monitoring occasions
· Common search space on every slot or every multiple of slot based on broadcast/SIB
· UE-specific search space on various periodicities like every slot, every multiple of slot, every mini-slot, every multiple of symbols, every symbol, etc. based on the RRC configuration
· At the monitoring occasion where UE-common search space and UE-specific search space overlap, the UE monitors both of them simultaneously
Proposal 2: Enable the start position of the data to change dynamically 
· PCFICH-like signaling should not be set as the basic solution 
· Further investigate the DCI-based solution
· Further investigate blind decoding based solution 
Proposal 3: Control channel candidates can be mapped across various number of OFDM symbols and be located in different OFDM symbols within the time duration of one control resource set  
· Further investigate DM-RS position when control channel candidates with different time durations and time locations co-exist in one control resource set 
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