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1. [bookmark: OLE_LINK16][bookmark: OLE_LINK17]Introduction
In RAN1 #89 meeting, several issues about physical downlink control channel have been discussed.
Agreements:
· CCE = 6 REGs (confirm Working Assumption)
· One of following is configured for REG-to-CCE mapping for a 1-symbol CORESET:
· Opt.1: No interleaving – 6 REGs for a given CCE are grouped to form a REG bundle and all REGs for a given CCE are consecutive
· CCE(s) of one PDCCH is/are also consecutive
· FFS: Whether the UE can assume the same precoder across multiple REG bundles
· Opt.2: Interleaving – [2 or 3 or 6] REGs for a given CCE are grouped to form a REG bundle and REG bundles are interleaved in the CORESET
· FFS: Whether the UE can assume the same precoder across multiple REG bundles
· FFS: down selection among {2}, {3}, {2,3}, {2,6}, {3,6}, {2,3,6}
· Note: UE can assume the same precoder within a REG bundle
· For REG-to-CCE mapping for a CORESET with more than 1-symbol;
· REG bundle is defined in time and frequency-domain
· At least support following:
· Time-first mapping where one of the following is configured
· Support REG bundle in time-domain being equal to the CORESET semi-statically configured time duration
· Opt.1: Non interleaving - 6 REGs for a given CCE are grouped to form a REG bundle and all REGs for a given CCE are time and frequency localized
· FFS: Whether the UE can assume the same precoder across multiple REG bundles
· Opt.2: Interleaving – [2 or 3 or 6] REGs for a given CCE are grouped to form a REG bundle and REG bundles are interleaved in the CORESET
· FFS: Whether the UE can assume the same precoder across multiple REG bundles
· FFS: time-domain precoder-cycling
· Support REG bundle in time-domain being equal to 1 symbol, or;
· Support following:
· REG-to-CCE mapping is exactly same as the case where a CORESET with 1 symbol
· A PDCCH candidate can be mapped across OFDM symbols
Agreements:
· In time domain, a CORESET can be configured with one or a set of contiguous OFDM symbols
· The configuration can indicate the starting OFDM symbol and time duration
· A CORESET is configured with only one CCE-to-REG mapping

According to the discussion of the previous meetings, it is known that the system can configure UEs with two or more control resource sets (CORESETs) and these CORESETs have individual CCE-to-REG mapping, number of PRBs, and number of OFDM symbols. In the document, we analyze several possible options of REG-to-CCE mapping and CCE-to-candidate mapping. On the other hand, we proposed the concept of group common search space and a design of NR-PDCCH according to the structure of control channel in LTE.
2. Discussions
1.1 REG-to-CCE mapping and NR-PDCCH candidates
According to the discussion of the #89 meeting, the NR system may provide several options of REG-to-CCE mapping for a CORESET. A UE must determine a CORESET which is configured with only one REG-to-CCE mapping so that the UE can receive a DCI by using the CORESET. However, which option of REG-to-CCE mapping a CORESET is configured as is related to the channel conditions and performance requirements for UE receivers. Also, the channel conditions influence the selection of control channel candidates in the control region. For example, a CORESET can be configured as either localized REG-to-CCE mapping or distributed REG-to-CCE mapping. For the localized mapping, a DCI is more likely to be transmitted in control resources at low aggregation levels (ALs) suitable for good channel conditions, motivated by the assumption that channel-dependent scheduling is used for localized transmission. For the distributed mapping, a DCI is more likely to be transmitted in control resources at high ALs in order to achieve good frequency diversity.
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Figure 1: Examples of localized transmission of NR-PDCCH
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Figure 2: Examples of distributed transmission of NR-PDCCH
Several different options of REG-to-CCE mapping are showed in Fig. 1 and Fig. 2, which are respectively localized mapping and distributed mapping. Here there are six examples of one CORESET of 18 PRBs and 2 OFDM symbols. In the examples of Fig. 2(a) and Fig. 2(b), the NR-PDCCHs which have a REG bundle size of 2 REGs are assumed, and the REG bundles are interleaved in each OFDM symbol.
· Frequency first mapping of REGs to CCEs and frequency first mapping of CCEs to search space candidates (showed in Fig. 1(a) and Fig. 2(a))
· Frequency first mapping of REGs to CCEs and time first mapping of CCEs to search space candidates (showed in Fig. 1(b) and Fig. 2(b))
· Time first mapping of REGs to CCEs (showed in Fig. 1(c) and Fig. 2(c))
Actually, the above options are also related to the efficiency of blind decoding procedure. In order to provide good channel estimation performance and more flexibility in allocation of NR-PDCCH, to locate reference signals in each REG identically is a desired design. Also, the channel estimation of search spaces of different ALs should be reused as much as possible in order to reduce the processing time of blind decoding. Therefore, the search spaces of different ALs should overlap with each other as much as possible, and the allocations of search spaces depend on mapping of CCEs to candidates. Let’s take the Fig. 2(a) for example. The CCE 0 is the control channel candidate at AL of one CCE for a UE; moreover the {CCE 0, CCE 3} is the control channel candidate at AL of two CCEs for the UE. After a UE monitors the candidate CCE 0, it needn’t repeatedly monitor the CCE 0 when decoding the candidate {CCE 0, CCE 3}.
Proposal 1: The mapping of CCE-to-REG is based on the channel conditions and performance requirements for UE.
Proposal 2: For the search spaces of a UE, the CCEs of higher ALs should overlap with the CCEs of lower ALs as much as possible.
1.2 Group common search space
The NR-PDCCH consists of CORESETs. CORESETs have different number of CCEs, and the number depends on the size of each CORESET. In order to monitor the search spaces in a CORESET, the UE has to confirm the number of CCEs in the CORESET. Therefore, we suggest that the number of CCEs of the CORESET doesn’t dynamically vary between slots. The size of a CORESET should be semi-statically configured so as to reduce unnecessary overhead. More details about the configuration of CORESETs are discussed in [1].
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 a cell. We propose an example for using Group CSSs in the following.
There may be UEs of two or more groups, which are configured to monitor individual Group CSSs. An example of AL of eight CCEs is showed in Fig. 3, where there are forty CCEs in the CORESET and each of these CCEs individual represents CCE 0, CCE 1, ......, CCE 39. In the example, there are UEs of two groups, which are configured to monitor individual Group CSSs. The system configures the UEs of the first group to monitor CCE 0, ......, CCE 15. (That is to say, The {CCE 0, ......, CCE 15} is a Group CSS of the UEs of the first group.) The gNB configures the UEs of the second group to monitor CCE 16, ......, CCE 31. (That is to say, The {CCE 16, ......, CCE 31} is a Group CSS of the UEs of the second group.)
On the other hand, UEs of different groups can monitor a DCI in the same resources. (That is to say, the search space in the CORESET is configured for the UEs of different groups that are configured to monitor individual Group CSSs.) An example of AL of eight CCEs is showed in Fig. 4, where there are forty CCEs in the CORESET. There are UEs of two groups, which are configured to monitor individual Group CSSs. The system configures the UEs of the first group to monitor a Group CSS which contains CCE 0, ......, CCE 15. The system configures the UEs of the second group to monitor the Group CSS which contains CCE 0, ......, CCE 15 and the Group CSS which contains CCE 16, ......, CCE 31. Because the UEs of the two groups can monitor CCE 0, ......, CCE 15 on the CORESET, the gNB transmits a DCI to the UEs of the first group and the second group via the CCE 0, ......, CCE 15 in the CORESET at the same time.
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Figure 3: Some CCEs in the CORESET are monitored by the UEs of two groups. The UEs of the first group monitor CCE 0, CCE 1, ……, CCE 15. The UEs of the second group monitor CCE 16, CCE 17, ……, CCE 31
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[bookmark: _GoBack]Figure 4: Some CCEs in the CORESET are monitored by the UEs of two groups. The UEs of the first group monitor CCE 0, CCE 1, ……, CCE 15. The UEs of the second group monitor CCE 0, CCE 1, ……, CCE 15 and CCE 16, CCE 17, ……, CCE 31
Observation 1: The size of a CORESET is semi-statically configured, and the number of CCEs of the CORESET doesn’t dynamically vary between slots.
Proposal 3: A group common search space (Group CSS) is defined as a search space monitored by parts of the UEs in a cell.
Proposal 4: In a cell there may be UEs of two or more groups, which are configured to monitor individual Group CSSs.
Proposal 5: To divide available CCEs in a CORESET into different Group CSSs is a considerable design.
3. Conclusions
In this contribution, we proposed some views of resource mapping and search spaces in CORESETs. The proposals are summarized below.
Observation 1: The size of a CORESET is semi-statically configured, and the number of CCEs of the CORESET doesn’t dynamically vary between slots.
Proposal 1: The mapping of CCE-to-REG is based on the channel conditions and performance requirements for UE.
Proposal 2: For the search spaces of a UE, the CCEs of higher ALs should overlap with the CCEs of lower ALs as much as possible.
Proposal 3: A group common search space (Group CSS) is defined as a search space monitored by parts of the UEs in a cell.
Proposal 4: In a cell there may be UEs of two or more groups, which are configured to monitor individual Group CSSs.
Proposal 5: To divide available CCEs in a CORESET into different Group CSSs is a considerable design.
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