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1. Introduction
In previous RAN1 meetings, the following were agreed with respect to search space design [1]. This contribution considers aspects related to hierarchical search space design.
	Agreements:
· NR supports at least following functionalities
· At least for eMBB, in one OFDM symbol, multiple CCEs cannot be transmitted on the same PRB except for spatial multiplexing to different UEs (MU-MIMO)
· A PDCCH candidate consists of a set of CCEs. A CCE consists of a set of REGs. A REG is one RB during one OFDM symbol.
· For one UE, the channel estimate obtained for one RE should be reusable across multiple blind decodings involving that RE in at least the same control resource set and type of search space (common or UE-specific).
· At least for DL data scheduled for a slot, the DL data DMRS location in time is not dynamically varying relative to the start of slot
Agreements:
· Blocking probability of DL control channel should be taken into account in NR-PDCCH design




2. Discussion
In LTE, a UE monitors multiple PDCCH candidates with different aggregation levels in a common search space and in a UE-specific search space. A UE-specific search space can be derived as a function of the UE RNTI and the subframe index. The function also results to some randomization on the starting CCE index for different aggregation levels for the same UE. An example of LTE search space is shown in Figure 1. After resource mapping, the REGs/CCEs of the corresponding PDCCH candidates are substantially distributed over an allocated BW (full DL BW for PDCCH, PRB sets for EPDCCH) and over all OFDM symbols in the control region. 
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Figure 1: Example of LTE PDCCH Search Space

To reduce a UE processing burden associated with obtaining channel estimates for demodulation of PDCCH symbols for each PDCCH candidate, a hierarchical search space structure is currently under consideration to enable a channel estimate to be re-used for demodulation of multiple PDCCH candidates with different aggregation levels sharing same CCEs. An example of a hierarchical search space structure is shown in Figure 2. A similar search space structure is used in NB-IoT to reduce UE power consumption for NPDCCH processing. 
[image: image2.png]AL=8
Candidates
AL=4
Candidates
AL=2
Candidates
AL=1
Candidates





Figure 2: Example of Hierarchical Search Space

It can be easily observed that the number of CCEs to be processed for separate channel estimation can be reduced by a significant factor compared to PDCCH/EPDCCH in LTE. In general, by restricting resources in a control region for locating a UE-specific search space, e.g., by not independently distributing PDCCH candidates  over the full control region BW, the probability of CCE overlap among multiple PDCCH candidates  increases. For example, for the LTE UE-specific search space, the maximum number of CCEs to be processed for channel estimation is 42. This can be reduced to 16 by using a hierarchical search space where CCEs for the lower aggregation levels (1, 2, 4) are subsets of (16) CCEs for the largest aggregation level (8).
Observation 1: Restricting the location of CCEs to define a search space can generally reduce a number of channel estimates a UE needs to obtain. 

On the other hand, restrictions in locations of PDCCH candidates increase the blocking probability for PDCCH transmissions. Referring to Figure 2, if CCE#4 is used by a PDCCH candidate, three PDCCH candidates are blocked and decreases scheduling flexibility when other UEs happen to share the same search space. 
The blocking probability is compared between the LTE PDCCH search space and the hierarchical search space. It is assumed that the numbers of PDCCH candidates are 6, 6, 2, and 2 for aggregation levels 1, 2, 4, and 8 respectively for both search space structures. The PDCCCH aggregation level distribution is 30%, 40%, 20%, and 10% for aggregation levels 1, 2, 4, and 8, respectively. The total number of CCEs is 50. For 6 RBs/CCE, this corresponds to a CORESET BW of 20 MHz over 3 OFDM symbols. The blocking probability is calculated as the ratio of the number of UEs that were not able to be scheduled due to blockage over the total number of UEs. The results can be viewed as optimistic because presence of CSS was not considered and all CCEs were available for UE-SSS.
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Figure 3: Comparison of Blocking Probability
According to Figure 3, the blocking probability of hierarchical search space is always higher than that of LTE PDCCH search space. As agreed, blocking probability should be considered in the NR-PDCCH design. Further, as power consumption for PDCCH decoding operation from a blocked UE in a slot is considerably larger than power savings from a somewhat reduced number of channel estimations, even an increase in blocking probability that is substantially smaller than a decrease in channel estimations a UE needs to perform per slot can be enough to offset a potential UE power saving. For example, a 30% reduction in the average number of channel estimates per slot may not offset, in terms of UE power consumption, an increase in blocking probability from 5% to 10%. Further, before exactly assessing reduction in channel estimation complexity and impact on blocking probability from a search space structure using principles of a hierarchical search space, the DMRS structure, the CCE-to-REG mapping and the PDCCH-to-CCE mapping, typical numbers of CCEs per CORESET, and typical usage distributions for CCE aggregation levels need to be determined as they directly affect blocking probability and/or channel estimation complexity. Based on the LTE search space design (PDCCH, EPDCCH, MPDCCH, NPDCCH), this can be one of the last aspects in the specification of DL control channels.
Observation 2: A relatively large increase in PDCCH blocking probability can offset potential UE power savings from a reduced number of channel estimations per slot.
Proposal 1: Consider search space structures based on restricted CCE locations for different CCE aggregation levels after determining the DMRS design, the CCE-to-REG mapping, the PDCCH-to-CCE mapping, and typical numbers of CCEs per CORESET.
3. Conclusions
This contribution considered tradeoffs of a hierarchical search space structure and have the following observations and proposals:
Observation 1: Restricting the location of CCEs to define a search space can generally reduce a number of channel estimates a UE needs to obtain. 

Observation 2: A relatively large increase in PDCCH blocking probability can offset potential UE power savings from a reduced number of channel estimations per slot.
Proposal 1: Consider search space structures based on restricted CCE locations for different CCE aggregation levels after determining the DMRS design, the CCE-to-REG mapping, the PDCCH-to-CCE mapping, and typical numbers of CCEs per CORESET.
4. References
[1] RAN1 Chairman Notes, RAN1 NR Ahodc#1, January, 2017.
1/4

