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Introduction
The agreements and working assumption related to REGs to CCE mapping in RAN1#88b are follows.
[bookmark: _GoBack]Agreement:
NR-PDCCH can be mapped contiguously or non-contiguously in frequency with localized or distributed mapping of REGs to a CCE (in the physical domain)
· Note: The number of contiguous REGs in the CCE needs further discussion. 
· Note: Localized/distributed mapping can be achieved without/with interleaving.

Agreements:
· A CCE may be mapped to REGs with interleaved or non-interleaved REG indices within a CORESET
· Definition of a REG bundle: The UE may assume that the same precoder is used for the REGs in a REG bundle and that the REGs in a REG bundle are contiguous in frequency and/or time 
· REG bundling per CCE is supported for NR-PDCCH
· FFS: Whether this applies to common search space
· FFS: Whether all REGs have DMRS or not
· FFS: Whether wideband precoding is supported and the definition of a REG bundle if it is supported
· FFS: whether REG bundle size is different for mapping of NR-PDCCH with or without interleaved mapping of CCE to REGs 
· FFS on REG bundle size
· FFS whether REG bundle size is configurable

Working assumption:
· A NR-CCE is defined as 6 REGs
· Candidate bundle sizes for distributed REG-to-CCE mapping: 2 or 3 REGs if NR-CCE is defined as 6 REGs
· FFS: impact of the NR-CCE definition on CORESET size, CCE aggregation levels, data resource allocation granularity, etc.

This contribution shows our view on REG bundling and REG to CCE mapping.
Discussion
REG bundling and DMRS among REGs 
In this section we discuss REG bundling and DMRS among REGs.
REG bundling per CCE
Frequency domain REG bundling can be used for any CORESET symbol lengths. The adjacent REGs in the frequency are sent with the same precoding. Frequency domain REG bundling size is restricted by the frequency selectivity of the channel. When a NR-CCE is defined as 6 REGs, REG bundling size of frequency domain is 2 or 3 depending on the CORESET symbol length as disused in section 2.2. Frequency domain REG bundling is useful for both distributed mapping and localized mapping. For distributed mapping, distributed unit should be REG bundling size.
Time domain REG bundling can be used when CORESET symbol length is 2 or more. Adjacent REGs in the time are sent with the same precoding. Time domain REG bundling is especially useful for localized mapping of PDCCH transmission as it works well even if the frequency selectivity is severe because frequency granularity is not increased by this time domain REG bundling.

REG bundling over multiple CCEs
When multiple UEs can use same precoding, REG bundling over multiple CCEs including the different UE's CCE is useful for distributed mapping. REG bundling over multiple CCEs can increase the REG bundling size of both frequency domain and time domain. In frequency domain, REG interleaving unit is not restricted to REG bundling size. However, if REG bundling level interleaving is supported for REG bundling per CCE, the merit is unclear to support REG level interleaving for REG bundling over multiple CCEs. In time domain, REGs in same or different CORESET can share DMRS on 1st symbol. It has merit to reduce DMRS overhead.
For (group) common CORESET with (group) common RS, REG bundling over multiple CCEs can be assumed.

Whether all REGs have DMRS or not
In the frequency domain, we assume DMRS is available in each PRB (REG) in order to have regular frequency domain structure. Therefore, we assume DMRS is located in every PRB(REG) in frequency domain. 
On the other hand, for time domain, DMRS overhead could be reduced. There are three cases of DMRS and adjacent REGs relation in time domain. These three cases should be supported as the use cases are different. The configuration of these could be per CORESET. 
1) Adjacent REGs in time domain uses the same precoding. DMRS is sent in each REG (= in every symbol). This is the case of REG bundling in time. This is useful to improve channel estimation.
2) Adjacent REGs in time domain uses the same precoding. DMRS is sent in the earlier time REG only (For example, only the first symbol have DMRS). For different REGs, this is the case of DMRS sharing among REGs. This is useful for to improve the performance of higher coding in lower aggregation level as to reduce DMRS overhead can decrease coding rate.
3) Adjacent REGs in time domain uses the different precoding. DMRS is sent in each REG (= in every symbol). This is used for analogue beam forming with antenna diversity. 
Proposal 1: Adjacent REGs in time domain support three way of the DMRS usage. 1) To use the same precoding and DMRS is sent in each REG, 2) To use the same precoding but DMRS is located in the time first REG only, and 3) To use different precoding and DMRS is located in each REG. The configuration is for each CORESET.

REGs to CCE mapping and configuration of CORESET
In this section, we discuss REG to CCE mapping related to the CORESET length and configuration of CORESET.
Time first mapping or frequency first mapping?
For mapping of REGs to CCE, frequency first mapping and time first mapping were identified in RAN1#88 meeting. Frequency first mapping has the merit to reduce the latency and time first mapping has the merit of the coverage by having more energy for a PDCCH because of multiple symbols. Therefore, ideally both should be supported. On the other hand, as CORESET concept was agreed, we propose to realize both mapping schemes by using CORESET configuration.
When shorter latency is required, a CORESET with1 symbol length can be configured. Then regardless of time or frequency first mapping, the actual behaviour is always frequency first mapping. A CORESET with 2 or more symbols length case can be always time first mapping if we define time first mapping.
When both latency and coverage are required, a CORESET with1 symbol length and a CORESET with 2 or more symbols can be configured simultaneously as RAN1 agreed to have the possibility of multiple CORESETs configuration per UE.
If RAN1 deems to see the need of frequency first mapping with more than 1 symbol, it can be supported but the interleaving and a PDCCH should not span over multiple symbols as frequency diversity gain can be reduced.
Proposal 2: Only time first mapping of bundled REGs to CCE mapping is supported. Frequency first mapping is realized by CORESET with 1 symbol length.

Localized and distributed mapping
NR-PDCCH can be mapped contiguously or non-contiguously in frequency with localized or distributed mapping of REGs to a CCE. For CORESET length 1, in localized mapping, all REGs for a CCE are mapped contiguously in frequency domain (Figure 1(a)). In distributed mapping, REGs are interleaved with REG bundling unit when frequency REG bundling is per CCE. In REG bundling unit, REGs are mapped contiguously even in distributed mapping (Figure 1(b)).
[image: ]

(a) Localized mapping       (b) Distributed mapping
[bookmark: _Ref481069285]Figure 1 CORESET length 1

For CORESET length more than 1 with time first mapping and frequency REG bundling per CCE, in localized mapping, multiple REG bundling for a CCE are mapped on different symbols in same PRBs (Figure 2(a)). In distributed mapping, multiple REG bundling for a CCE are mapped on different symbols in different PRBs (Figure 2(b)). It is applied by the symbol level different interleaving with frequency REG bundling unit based on localized mapping. 
[image: ]
(b) Localized mapping       (b) Distributed mapping
[bookmark: _Ref481070119]Figure 2 CORESET length 2

Bundle size for REG-to-CCE mapping
For 6 REGs NR-CCE, candidate REG bundling size in frequency domain varies based on CORESET symbol length in time first mapping. When CORESET symbol length is multiple of 2, bundle size for distributed REG-to-CCE mapping can be 3 in order to distribute each 3REGs per symbol as shown in Figure 2 (b). When CORESET symbol length is multiple of 3, bundle size for distributed REG-to-CCE mapping can be 2 in order to distribute each 2REGs per symbol as shown in Figure 3. If the other values are used, a CCE does not form structured manner. 
[image: ]

[bookmark: _Ref481059709]Figure 3 CORESET symbol length is 3 and distributed mapping

When CORESET symbol length is 1, both 3REGb and 2 REGs of bundle size for distributed REG-to-CCE mapping can be considered. Higher layer signalling can configure the bundled size for each CORESET symbol length 1.
Proposal 3: Bundle size for distributed REG-to-CCE mapping is 3 for CORESET length is 1 or multiple of 2. Bundle size for distributed REG-to-CCE mapping is 2 for CORESET length is 1 or multiple of 3.

CORESET symbol length
CORESET symbol length 1and 2 should be supported. For CORESET length 3 and 4, whether both are supported or one of it is enough should be considered. In NR PDCCH, the number of PRBs can be configured per CORESET, amount of resource of CORESET can be flexible by the number of PRBs (frequency domain) for a CORESET. 
The CORESET length 7 would be necessary to support larger coverage case of PDCCH. In this case, CORESET length 7 can be realized by rate matching or puncturing from CORESET length 8.
For large coverage case, CORESET 6 and 12 are also considered.
Proposal 4: At least CORESET length is 1and 2 should be supported. FFS on CORESET length 3,4,6,7 and 12. 

Allocation of PRBs for a CORESET
In order to reduce higher layer signalling of CORESET configuration, the candidates of the numbers of PRBs and distributed order (cluster) for a CORESET can be limited. In order to align the REG bundle size for distributed REG-to-CCE mapping, the number of PRBs per cluster should be multiple of REG bundle size. The PRBs in a cluster are contiguously. The number of PRBs for a CORESET is calculated by the number of cluster * the number of PRBs per cluster. 
We see the EPDCCH/CSI type PRB allocation has merit to reduce RRC singling. However it requires complex calculation in UE side. So, it should be avoided. When starting PRBs of cluster are limited by some equation with RBG size of PDSCH, UE ID and/or slot#, the number of candidates for cluster location can be reduced. Therefore, the cluster based bitmap type allocation could be considered.
 
Conclusion
From the discussion, we propose follows
Proposal 1: Adjacent REGs in time domain support three way of the DMRS usage. 1) To use the same precoding and DMRS is sent in each REG, 2) To use the same precoding but DMRS is located in the time first REG only, and 3) To use different precoding and DMRS is located in each REG. The configuration is for each CORESET.
Proposal 2: Only time first mapping of bundled REGs to CCE mapping is supported. Frequency first mapping is realized by CORESET with 1 symbol length.
Proposal 3: Bundle size for distributed REG-to-CCE mapping is 3 for CORESET length is 1 or multiple of 2. Bundle size for distributed REG-to-CCE mapping is 2 for CORESET length is 1 or multiple of 3.
Proposal 4: At least CORESET length is 1and 2 should be supported. FFS on CORESET length 3,4,6,7 and 12. 
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