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1. Introduction

In RAN1 Jan. NR AdHoc, the following agreements for search space have been made[1], 
Agreements:
· 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 In this contribution
And as one of search space properties, aggregation levels are also discussed in Adhoc meeting. 
Relation of control resource set and search space are further discussed in RAN1#88[2], 
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.

In RAN1 NR AH June[3], the following agreements for CORESET are made,
Agreements:
· For a CORESET which is configured by UE-specific higher-layer signalling, at least following are configured.

· Frequency-domain resources, which may or may not be contiguous

· Each contiguous part of a CORESET is equal to or more than the size of REG-bundle in frequency

· FFS: exact size and number of contiguous parts for a CORESET

· Starting OFDM symbol

· Time duration

· REG bundle size if the configuration is explicit

· Transmission type (i.e., interleaved or non-interleaved)

· More parameters may be added if agreed

· For a CORESET which is configured by UE-specific higher-layer signalling, at least following is configured.

· Monitoring periodicity

· FFS: it is a configuration per CORESET or per one or a set of PDCCH candidates

· FFS: relation with DRX

· FFS: default/fallback value

In this contribution, we made discussion on the CORESET configuration for search space monitoring and related search space candidates design, and proposals are given.
2. Discussion on CORESET configuration for search space monitoring
NR is required to serve multiple service types with different service requirements, such as eMBB, URLLC, and mMTC. To support above services efficiently, NR-PDCCH needs to be carefully designed. Currently, based on search space design of LTE, UE cannot start detecting PDCCH until all the OFDM symbols in the control region has been received. This is not suitable for URLLC UEs, as control channel detection needs to be done as soon as possible to decode corresponding PDSCH. Therefore, modification of search space design is needed, e.g., if the URLLC UEs can detect URLLC control channel when the first symbol of the control resource set has been received, the processing time of control channel for URLLC UEs can be reduced.  
A detail design is given in the following, to satisfy different control channel decoding latency requirement of different services.  
2.1 Flexible search space mode configuration
Unlike LTE where PDCCH is transmitted in the whole bandwidth, NR-PDCCHs are transmitted in control resource sets (CORESET), and different CORESETs may be used to serve UEs with different service types or different RF bandwidths, etc. Therefore, the configuration of one CORESET can be based on one of the following two modes:
· Mode 1: search space is defined according all the available number of NR-CCEs in the CORESET
· Mode 2: search space is defined separately for each OFDM symbols in the CORESET

In LTE, the CCEs corresponding to PDCCH candidate m of the search space 
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. Similar to LTE, the number of NR-CCEs used to determine search spaces for mode 1 is the total number of NR-CCEs in the CORESET, however, the detailed formula may be different due to introduction of nested structure. 
While for mode 2, the number of CCEs used to define search space will be number of NR-CCEs in each OFDM symbols, in this way, the candidates for each aggregation level can be distributed among all or part of the OFDM symbols when multiple OFDM symbols available in one CORESET. Take 2 OFDM symbols in one CORESET as an example, if the number of NR-PDCCH candidates for ALs 1,2,4,8 are 6,6,2,2, then the number of candidates for each OFDM symbol can be equal or unequal, depending on configuration. Considering the latency requirement, it is better that search space of URLLC UEs for DL grant to be located on the first OFDM symbol. However, even for URLLC, some PDCCH candidates can be located on the second OFDM symbol or latter, to carry some DCIs that are not so urgent, e.g., uplink grant, etc.
With above CORESET search space configuration, once the search space mode are configured, search space of all the UEs in the CORESET use the same mode. CORESET for control channel of URLLC can be configured to mode 2, where NR-PDCCH can locate in the first symbol of the CORESET, and the UE does not need to wait the second/third symbol to do decoding. While CORESET for control channel of eMBB can be configured to mode 1, which can provide more reliability if REs carrying each PDCCH is distributed among the whole CORESET.
If one CORESET is used to transmit NR-PDCCHs for both eMBB and URLLC UEs, to satisfy latency requirement of URLLC UEs, the CORESET can be configured to mode 2. For those URLLC UEs, all or most of the control channel candidates can be configured to be located in the first OFDM symbol, while for eMBB UEs, most of control channel candidates can be configured to located in the OFDM symbol following first one.
It is also possible that the search space mode is configured UE specifically, in this way, when NR-PDCCH of UEs with different service types are transmitted in the same CORESET, UEs with different modes monitors their search spaces according to corresponding configuration. For example, eMBB UEs monitor according to mode 1 and URLLC UEs monitor according to mode 2 in the same CORESET. The benefit of UE specific configuration is that the eMBB UEs can still get diversity gain if REs carrying each PDCCH is distributed among the whole CORESET. However, as no agreements has been reached for the mapping of NR-PDCCH, the diversity gain and how the multiplexing of different search space mode will influence the PDCCH mapping need further study.
Therefore, it is proposed to allow the configuration of whether search space is determined according to all available NR-CCEs in the CORESET or defined separately for each OFDM symbols, the configuration can be a CORESET-specific way, which means all the UEs in the same CORESET monitor the search space using the same mode. And the configuration also may be a UE-specific way if with further study, the gain is justified and complexity are acceptable. In the UE specific way, it is possible that UEs in the same CORESET monitor the search space using different modes. 
When CORESET is configured UE specifically, UE specific way can be realized by making the search space configuration be one of CORESET configurations. By allocating UEs with the same search space configuration into the same CORESET, above CORESET-specific way and UE-specific way are equal.
Proposal 1: It is recommended to allow the configuration of whether search space is determined according to all available NR-CCEs in the CORESET or defined separately for each OFDM symbols. The configuration can be either in CORESET-specific way or in UE-specific way.
Another important issue to consider when design NR-PDCCH is the blocking probability. No matter for mode1 and mode 2, enhancement of nested structure is needed to reduce blocking probability among UEs, however the enhancement of nested structure is not our focus in this contribution. For mode 2, since the NR-PDCCH candidates may be distributed among OFDM symbol in the CORESET, each OFDM symbol can have its own search space starting position. In order to avoid two UEs blocking on all the symbols, the search space starting position for different OFDM symbols in the same CORESET can be different. For example, offsets can be introduced for different symbols, as shown in the following formula,
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Where 
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[image: image9.wmf],

OSk

n

is the OFDM symbol index in the CORESET values from 0~(Nset-1).The RNTI value used for 
[image: image10.wmf]RNTI

n

 is defined in 3GPP TS36.213 section 7.1 for downlink and section 8 for uplink.
An example is given here to show the gain of the UE specific offset. Supposing that two UEs have the same search space starting position in the first symbol and the first UE has an uplink and downlink grant both to be transmitted with AL=8, gNB decides to transmit the UL and DL grant on the two AL=8 candidates. If there is no UE specific search space starting position offset, search space of the two UEs will be overlapped in both OFDM symbols, and the second UE will be blocked. While with UE specific search space starting position offset , as shown in figure.1, the starting position for the second symbol will be different in a greater probability, gNB can still transmit NR-PDCCH of the second UE on candidate of the second symbols.
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Figure.1 different search space starting position for different OFDM symbols
Proposal 2: One UE specific search space starting position offset can be introduced to reduce blocking probability if search space is defined separately for each OFDM symbols.
3. Conclusions 
In this contribution, search space design to satisfy different service requirement are discussed, and the following proposals are made:
Proposal 1: It is recommended to allow the configuration of whether search space is determined according to all available NR-CCEs in the CORESET or defined separately for each OFDM symbols. The configuration can be either in CORESET-specific way or in UE-specific way.
Proposal 2: One UE specific search space starting position offset can be introduced to reduce blocking probability if search space is defined separately for each OFDM symbols.
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