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In RAN1 #88 meeting and #88bis meeting, several issues about search spaces have been discussed.
Agreements:
· Multiple control resource sets can be overlapped in frequency and time for a UE.
· A search space in NR is associated with a single control resource set
· The search spaces in different control resources sets are defined independently.
The max number of BD candidates for a UE is defined independently of the number of control resource sets and the number of search spaces.
· For USS, PDCCH candidates are determined at least based on UE ID in each search space.
· For determining PDCCH candidates, the following aspects are considered.
· REGs belonging to PDCCH candidates of a lower AL should be a subset of REGs belonging to PDCCH candidates of the higher or highest AL (from a UE perspective)
· PDCCH candidates of the highest AL may not be contiguous in logical CCE domain
· PDCCH candidates of the highest AL of different UEs may start at different CCE
· FFS: PDCCH candidates of lower AL are distributed/randomized within the set of REGs belonging to PDCCH candidates of the highest AL
· FFS: Consider how the PDCCH candidates of lower AL are distributed/randomized

NR systems allow multiples UEs with different bandwidth capability to use the same carrier, and a gNB may configure one or multiple control regions with different bandwidth size for the UEs. It is possible for UEs to decode the downlink control information (DCI) in different control regions respectively. Therefore, it is expected that the design of search spaces for NR-PDCCH is different from one of search space in LTE systems. For the search space for NR-PDCCH, a novel idea is discussed in this document.
Discussions
1.1 Search spaces
In RAN 1 #88bis meeting, the design of search spaces has been discussed. It is an expectable design that a UE is assumed to decode a DCI in a search space at a given aggregation level, and the search space is a set of candidate control channels formed by CCEs. However, a search space of NR-PDCCH is associated with a single control resource set (CORESET). A DCI is included in a search space in a single CORESET, and a UE can be configured to search a DCI in multiple search spaces which may be on different CORESETs. Therefore, which PRBs a UE monitors a search space on is based on the frequency location for each CORESET configured for the UE. The example of multiple CORESETs is showed in Fig. 1, where a UE monitors search spaces on two or more CORESETs. Multiple CORESETs configured for the UE can be overlapped in time-frequency resources, and the PRBs of each CORESET may or may not be frequency contiguous. The properties have already been agreed in RAN 1 #88 meeting. For example, if two search spaces respectively in two CORESETs are configured for a UE and some PRBs of the two CORESETs are overlapped, at a given aggregation level the UE can blindly decode a DCI on the same PRBs more than once.
According to the description above, a CORESET and at least one search space in a slot must be configured for a UE so that the UE can monitor a DCI in the slot. However, if the gNB transmits some messages (e.g., system information, broadcast information) to all UEs in the cell and these UEs have been configured to monitor search spaces on individual CORESETs, the same DCI message is transmitted on different CORESETs. This would imply a waste of time-frequency resources. Moreover, in LTE systems, the use of common search spaces constrains the usable number of CCEs of UE-specific search spaces. If in NR systems each CORESET includes common search spaces, the usable number of CCEs of UE-specific search spaces in each CORESET will be decreased. Therefore, we suggest that there is a dedicated CORESET which includes common search spaces and a gNB transmits system information only on the CORESET. We term the CORESET “common CORESET”. Each UE in the cell has to monitor common search spaces on the common CORESET so that they can receive system information from the gNB.
[image: ]
Fig. 1: Example of control resource sets
Proposal 1: A control resource set (CORESET) that includes a common search space is called “common CORESET”, and all UEs in the cell have to be configured to monitor the CORESET so as to receive system information from a gNB.
1.2 Configuration of a CORESET for UE-specific search spaces
Every carrier may support different number of CORESETs, and the carriers are allowed to allocate CORESETs of different location and size; hence the allocation of control regions becomes more flexible. On a carrier, the structure of CORESETs (i.e., frequency location and number of PRBs of CORESETs, time duration of CORESETs, and the time period of CORESETs) may be different. An example of multiple CORESETs is showed in Fig. 2. In the example there are two CORESETs of different size and different location on the carrier.
[image: ]
Fig. 2 Example of two CORESETs of different location and size
Before a UE can communicate with a gNB, the UE has to receive system information (e.g., MIB, SIBs) and performs a random-access (RA) procedure. After the UE accomplishes the RA procedure, it tries to receive information about the configuration of CORESET for UE-specific search space(s). We suggest, in the stage, at least one CORESET for UE-specific search spaces has to be configured for the UE. Which CORESET(s) on the carrier are configured for the UE depends on performance requirements of the UE receiver (e.g., the Quality-of-Service (QoS)) and bandwidth capability of the UE. The gNB requests the UE to transmit information about performance requirements of the UE receiver so that the gNB can determine the receiver capability of the UE and it will configure a suitable CORESET for the UE according to the information.
It should be noted that it is not necessary for a UE to confirm the structure of all CORESETs on the carrier. The UE determines the monitored search spaces and CORESETs when the gNB configures the CORESET for the UE via RRC signaling.
Proposal 2: Every carrier may support different number of CORESETs, and the structure of CORESETs (i.e., frequency location and number of PRBs of CORESETs, time duration of CORESETs, and the time period of CORESETs) on a carrier may be different.
Proposal 3: Information about the time-frequency location of a CORESET for UE-specific search spaces is transmitted by a gNB via RRC signaling.
Proposal 4: Which CORESETs for UE-specific search spaces are configured for a UE depends on the receiver capability of the UE.
1.3 Group common search space
In order to enable multiple UEs, but not all UEs in a cell, to receive a DCI on same time-frequency resources, we define “group common search spaces”. A group common search space (Group CSS) is defined as a search space monitored by parts of the UEs in the cell. We propose a method for using Group CSSs in the following.
Some UEs are configured to monitor the same Group CSSs to receive the same DCIs. These Group CSSs may be on different CORESETs. For example, on a carrier there are two CORESETs, and some (one/two/three……) UEs are configured to monitor one Group CSS on the first CORESET and another Group CSS on the second CORESET. The configuration may be done via RRC signaling. In addition, in a cell there may be UEs of two or more groups, which are configured to monitor individual Group CSSs. For example, there are UEs of two groups. The gNB configures the UEs of the first group to monitor one Group CSSs, and the gNB configures the UEs of the second group to monitor another Group CSSs.
On the other hand, UEs of different groups can monitor a DCI on a same Group CSS on a same CORESET. (That is to say, the search space on the CORESET may be monitored by UEs of the different groups that are configured to monitor individual Group CSSs.) An example is showed in Fig. 5, where there are two CORESETs (CORESET 1, CORESET 2). There are UEs of two groups that are configured to monitor individual Group CSSs. A gNB configures the UEs of the first group to monitor Group CSSs on CORESET 1, and the gNB configures the UEs of the second group to monitor Group CSSs on CORESET 1 and CORESET 2. On the CORESET 1 there is a search space that is monitored by the UEs of the two groups. Because the UEs of the two groups are able to monitor a DCI on the same search space on the CORESET 1, the gNB can transmit a DCI to the UEs of the first group and the second group via CCEs of the search space on the CORESET 1 at the same time.
[image: ]
The CORESET 1 is associated with the UEs of a first group and the UEs of a second group. The CORESET 2 is associated with the UEs of a second group
Proposal 5: A group common search space (Group CSS) is defined as a search space monitored by parts of the UEs in a cell.
Proposal 6: In a cell there may be UEs of two or more groups, which are configured to monitor individual Group CSSs.
Proposal 7: A search space on the CORESET may be monitored by the UEs of different groups that are configured to monitor individual Group CSSs.
Conclusions
In this contribution, we share some ideas about CORESETs and search spaces. The proposals are summarized below.
Proposal 1: A control resource set (CORESET) that includes a common search space is called “common CORESET”, and all UEs in the cell have to be configured to monitor the CORESET so as to receive system information from a gNB.
Proposal 2: Each carrier may support different number of CORESETs and the structure of each CORESET (i.e., frequency location and number of PRBs of the CORESETs, time duration of the CORESETs, and the time period of the CORESETs) on a carrier may be different.
Proposal 3: Information about the time-frequency location of a CORESET for UE-specific search spaces is transmitted by a gNB via RRC signaling.
Proposal 4: Which CORESETs for UE-specific search spaces a gNB configures for the UE depends on the receiver capability of the UE.
Proposal 5: A group common search space (Group CSS) is defined as a search space monitored by parts of the UEs in a cell.
Proposal 6: In a cell there may be UEs of two or more groups, which are configured to monitor individual Group CSSs.
Proposal 7: A search space on the CORESET may be monitored by the UEs of different groups that are configured to monitor individual Group CSSs.
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