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Introduction
In RAN1 #89 Meeting [1], there were following agreements related to the REG bundling and DMRS: 
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
Working assumptions:
· For a time-duration of a CORESET:
· Support 1-3 OFDM symbol as time duration for a CORESET on the NR carrier with less than or equal to X PRBs
· Support 1-2 OFDM symbol as time duration for a CORESET on the NR carrier with wider than X PRBs
· FFS: X values
· FFS: Other time duration
· FFS: Relationship of a first PDSCH DMRS symbol with one or more symbols of a CORESET for slot-based scheduling
· FFS: restriction in the certain conditions

Agreements:
· Confirm working assumption:
· One-port transmit diversity scheme with REG bundling per CCE is used for NR-PDCCH
· FFS: DMRS RE overhead for the REG transmitting DMRS is 1/3
· FFS on DMRS pattern
In this document we discuss our views on the types of REG bundling that should be supported by NR and the associated DMRS.
Types of REG bundles and the associated DMRS  
According to the agreements, adjacent REGs in time or frequency can be bundled together to enable joint channel estimation across the REGs as shown in Figure 1. However, it is still FFS what the size of REG bundle can be and which REGs have DMRS. From our perspective, in a REG bundle, all or some of the REGs may contain DMRS depending on the bundling being done in frequency or time. More specifically, if the bundling is done in time, DMRS may be located only on the first REG and the other REGs may not have DMRS while if the bundling is done in frequency all REGs have DMRS. In fact, the advantage of having DMRS-less REGs is to increase the number of available REs in a CCE, which in turn, achieves lower coding rate and better performance. 
Proposal 1: For REG bundling in frequency, all REGs within the bundle have DMRS. For REG bundling in time, the first REG has DMRS (FFS: whether other REGs have DMRS.)
In case time-first REG bundling is used (and the control resource set covers multiple OFDM symbols), the most natural size for the REG bundle is the number of OFDM symbols in the control resource set. If both cases of 2 and 3 OFDM symbols are supported as possible lengths of a CORESET in time (as assumed in the current working assumption), then both REG bundle sizes of 2 and 3 should be supported by NR. 
Therefore, considering the previous agreement on the non-interleaving case which supports bundling size of 6 REGs, the size of REG bundle may be each of the options of 2, 3, or 6, which is configured per control resource set. For the case of distributed PDCCH (or interleaved mappings of REG bundles to CCEs), the size of REG bundle is 2 or 3. Given that it is already agreed there is only one REG-to-CCE mapping per CORESET, accordingly all the REG bundles in a CORESET are similar (i.e., in terms of number of REGs and whether the REG to REG bundle mapping is time-first or frequency-first). 
Proposal 2: NR supports both REG bundle sizes of 2 and 3 for the distributed (interleaved) PDCCH, configured per CORESET.
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[bookmark: _Ref481763033]Figure 1. Example of REG bundling in time or frequency for distributed CCEs of size 6.
In case the CORESET covers only one OFDM symbol, the only option for REG bundling is bundling in frequency, i.e. bundling REGs that are adjacent in frequency. In case the CORESET spans multiple OFDM symbols (e.g. 2 or 3), then both options of time-first REG bundling and frequency-first REG bundling can be beneficial. The option of frequency-first REG bundling (for the case of multiple-symbol CORESET) might be useful for having PDCCH candidates over multiple beams. However, in most other cases, it is better to use time-first REG bundling (with the bundle size which is equal or a multiplier of the length of CORESET in time). Because with the time-first REG bundling, putting DMRS on the REG (or REGs) of the bundle that is (are) on the first OFDM symbol might be enough for channel estimation for the whole REG bundle.
As a summary, an REG bundle may have one of these configurations:
•	REG bundle of size 2 or 3 bundled in time: The first REG in time has DMRS but other REGs may or may not have DMRS.	
•	REG bundle of size 2 or 3 or 6 bundled in frequency: All REGs have DMRS.
•	REG bundle of size 6, bundled in rectangular arrangement with 2 in frequency and 3 in time: The 2 REGs on the first OFDM symbol have DMRS and the other REGs of the bundle may or may not have DMRS.
•	REG bundle of size 6, bundled in rectangular arrangement with 3 in frequency and 2 in time: The 3 REGs on the first OFDM symbol have DMRS and the other REGs of the bundle may or may not have DMRS 
Summary
This contribution discussed the types of REG bundling that should be supported by NR and the associated DMRS. We proposed the following proposals:
Proposal 1: For REG bundling in frequency, all REGs within the bundle have DMRS. For REG bundling in time, the first REG has DMRS (FFS: whether other REGs have DMRS.)
Proposal 2: NR supports both REG bundle sizes of 2 and 3 for the distributed (interleaved) PDCCH, configured per CORESET.
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