3GPP TSG RAN WG1 #91                           











R1-1720888
Reno, Nevada, USA, November 27th – 1st December 2017 

Agenda item:

7.2.1.4
Source:
Nokia, Nokia Shanghai Bell 

Title:
On remaining issues on PRB bundling
Document for:

Discussion and Decision
1
Introduction
During RAN1 #90bis meeting, the following agreements related to PRB bundling were made:[1,2]
Agreement:
UE is configured with PRB bundling size(s) per BWP
Agreement:

For broadcast PDSCH, multi-cast PDSCH, and unicast PDSCH before RRC configuration, PRB bundling size is 2

Agreement:

1-bit DCI field for indication of PRB bundling size can be configured to be present by RRC
Agreement:
· When 1-bit DCI field is present, the following configuration is supported

· Candidate values: {2, 4, scheduled BW}

· FFS: support 1 as an additional candidate value

· The DCI bit field indicated “1” : select one value from one or two RRC configured candidate values

· When two candidate values are configured, one value is implicitly determined

· FFS details of implicit determination (e.g., scheduled BW, RBG-based, subband size, PDCCH REG bundling size, BWP, DMRS pattern, etc.)
· The DCI bit field indicated “0”: select one RRC configured candidate value

· When a UE is configured with RBG=2, the UE is not expected to be configured with PRG=4

In this contribution, we discuss the details related to PRB bundling for both uplink and downlink
2
On the remaing details of PRG size 

It has been agreed to be able to configure the PRB bundling size one of {2,4, whole scheduled BW}. There are two open issues on PRB bundling at RAN1 #90bis meeting. 

The usage of one PRB as an PRB bundling size is one of the open issue. 

Because the number of DM-RS REs per port in a PRB is 4 or 6, and it is not enough to provide the level of accuracy in channel estimation. 

However there are two aspects to consider PRG of one PRB case. First aspect is the possible usecase for open loop scheme. Though we have agreed not to specify diversity scheme, diversity scheme is necessary to provide the coverage enhancement especially for cell edge UEs. Precoder cycling is one of schemes to be considered, and PRB-based
precoder cycling is good at increasing the order of diversity gain. However there is a trade-off between channel estimation gain and diversity gain, two PRB based precoder cycling can be a complementary option. 

Proposal 1: NR support for PRG larger than one PRB
During RAN1 #90bis, it has been agreed to use DCI based selection of one or two RRC configured candidate values for PRG. And, if two values are configured, one value is implicitly determined. However the detail method is still FFS. 

PRB bundling is beneficial to improve the channel estimation performance by averaging noise across multiple DMRS REs. Thus, the number of DMRS REs should be the key consideration of determining the PRG size implicitly. 
Because the number of front-loaded DMRS symbol is dynamically changing, and according to the number of symbols, the assigned DMRS REs are different. 

When two DMRS symbols are used, the available DMRS REs per antenna port is double than one-symbol DMRS. In this case, half of PRG size can be used. For example, if {2,4} are configured for above example, PRG=4 is used for one-symbol DMRS, and PRG=2 for two-symbol DMRS.

Thus, we propose to select one PRG size between two candidate values. 

Proposal 2: NR support DMRS pattern (i.e. number of front-loaded DMRS symbols) based implicit PRG size determination. 

· If one symbol DMRS is scheduled, the larger PRG between candidate PRGs is used.

· If two symbol DMRS is scheduled, the smaller PRG between candidate PRGs is used. 

3
Summary 
In this section, we summarize the key observations/proposals related to PRB bundling for both uplink and downlink:
Proposal 1: NR support for PRG larger than one PRB
Proposal 2: NR support DMRS pattern (i.e. number of front-loaded DMRS symbols) based implicit PRG size determination. 

· If one symbol DMRS is scheduled, the larger PRG between candidate PRGs is used.

· If two symbol DMRS is scheduled, the smaller PRG between candidate PRGs is used. 
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