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Introduction
Agreements:
· PRB bundle is based on absolute PRB-grid of a component carrier
Agreements:
· For DL unicast data transmission:
· Case 1 PRB bundling size values are at least 2 and 4
· FFS whether or not to additionally support PRB bundling size 1 – companies are encouraged to perform analysis and evaluations especially w.r.t. PRB bundling sizes 2 and 4
· FFS: PRG configuration for broadcast PDSCH

Based on the contributions in this agenda, the following issues are mainly discussed.   
1. PRB bundling size;
2. Usage of the 1 bits；
3. PRB bundling for broadcast/groupcast channels
4. PRB Bundle Alignment;
5. Joint configuration with other signaling;
6. Others;
PRB bundling size
About values of PRB bundling size, the major consideration includes bundled processing gains, scheduling flexibility (MU-MIMO, CoMP), possible beamforming gains and precoders cycling performance gains. There are the following issues: 
· Support the value of 1 (ZTE, E///, Intel, CATT, LG)
· Against the value of 1 (Huawei, Samsung, Qualcomm, vivo)
· Support of 8 and 16 (Samsung)
Proposal: FFS until next meeting; 

Usage of the 1 bit
The following usage of the 1 DCI bit is proposed:
· Explicit indication with 1 bit;
· Switch between case 1 and case 2; (Qualcomm, LG)
· Flexibly used to switch between configured values; (Huawei, Samsung, E///, Nokia)
· Implicit indication
· Implicit indication without the 1 bit, through DMRS configuration; (Intel)
· Switch between explicit and implicit indication; (IDC)
Proposal: Support the 1 bit DCI indication for PRB bundling size:
· The 1 bit DCI field can be turned off if only one PRB bundling size is higher layer configured;
· FFS the usage of the 1 bit;
 
PRG/RBG Alignment
The following ways of PRB bundle alignment are proposed:
· PRB aligned from the center of the SS/PBCH block, consider offset indication; (Intel) 
· PRG aligned with RBG, which is also aligned in absolute PRB grid of a CC; (Qualcomm)
[bookmark: _GoBack]Proposal: The PRB bundle defined in the absolute PRB grid of the wideband CC is aligned with RBG definition, i.e., a RBG contains integer number of PRB bundle, or a PRB bundle contains integer number of RBG; 

PRB bundling for broadcast/groupcast channels
The following ways of determining broadcast/groupcast PDSCH PRB bundling size is discussed
· Specified as 2 all the time (Huawei, Nokia)
· Dynamically switched between 2 and full (E///)
· Dynamically switched between implicitly indicated/configured values (vivo)
· Fixed to one value (LGE)

Configuration of PRB Bundling size
The following possible ways of configuration are discussed:
· Joint configuration of PRB bundling size with DMRS; (CATT)
· Joint configuration of RBG and PRB bundling size; (LG)
· PRB bunding size configuration per BWP; (Huawei)

Others
ZTE proposes layer/beam specific PRB bundling configuration; 
HW and CATT support UE-assisted PRB bundling size determination and configuration;
    Qualcomm proposes the traffic to pilot ratio (TPR) is the same in all the PRBs of a PRG, and it is statically or semi-statically configured to a UE. 
Qualcomm also proposes that NR MU-MIMO supports RRC configuration based on which a UE assumes that its serving ports share the same PRB bundling configuration with the other-MU-paired ports.
Vivo proposes that If distributed VRB to PRB mapping is supported for Type 2 RA, then for case 1 values, VRB to PRB mapping granularity is indicated PRB bundling size ;
WFs
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	1
	ZTE, Sanechips [1]
	R1-1715434
On PRB Bundling
	In this contribution, the configuration for PRB bundling size is analyses with the following proposals: 
Proposal 1：Support  PRB  bundling size value 1 in NR
Proposal 2：Support RRC configuration for the bundling size set corresponding to 1 bit DCI signalling 
Proposal 3：Support layer/beam specific  PRB  bundling configuration 


	2
	Huawei, HiSilicon [1]
	R1-1715461
PRB bundling size for DL data precoding
	This contribution discusses some considerations and simulations on configuration and indication procedure and schemes for the UE-specific configurable PRG sizes for PRB bundling. In summary, the following observation and proposals are made.
Observation 1: PRB bundling sizes in NR should be configurable by considering at least
· Different channel characteristics such as frequency selectivity
· Different DM-RS patterns with diverse frequency densities
· Implementation complexity at UE
Proposal 1: PRB bundling size 1 is not supported in NR.
Proposal 2: Support PRB bundling sizes 2 for broadcast PDSCH.
Proposal 3: Support RRC+DCI signalling for configurable DMRS PRB bundling.
Proposal 4: Support different PRB bundling size sets (subsets) for different bandwidth parts.
Proposal 5: UE-assisted PRB bundling size configuration should be supported in NR.


	3
	vivo [1]
	R1-1715615
Discussion on PRB bundling for DL
	In this contribution, the following proposals are given regarding PRB bundling:
Proposal 1: 
· The PRB bundling size 1 is not supported
Proposal 2: 
· For broadcast/groupcast PDSCH, value or set of values of PRB bundling size are implicitly determined through e.g. the REG bundling size of corresponding PDCCH.
· The 1 DCI bit could still be leveraged to switch between different values. 
Proposal 3: 
· The 1 DCI bit could switch between any two configured values.
· When only one PRB bundling size is configured, the field for PRB bundling size indication in DCI is turned off.
Proposal 4: 
· If distributed VRB to PRB mapping is supported for Type 2 RA, then 
· For case 1 values, VRB to PRB mapping granularity is indicated PRB bundling size ;


	4
	CATT [1]
	R1-1715797
PRB bundling for DL transmission
	This contribution provides our considerations on DL DMRS design for NR MIMO. Based on the discussion above, we have the following observations and proposal:
Proposal 1: Consider to configure PRG size and DMRS pattern jointly.
Proposal 2: Support UE-assisted configuration of PRG size and DMRS pattern.
Proposal 3: PRB bundling can be turned off, at least for TDD system.
Observation 1: With time domain bundling, as joint channel estimation is applicable, it would be possible to reduce DMRS overhead by using sparser pattern.
Proposal 4: Consider further overhead reduction of DMRS in case of bundling in time domain.


	5
	LG Electronics [1]
	R1-1715854
Discussion on PRB bundling
	In this contribution, we have discuss PRB bundling issues, and propose the following:
Proposal 1: support PRG=1.
Proposal 2: 1 bit DCI indicates case 1 or 2.
Proposal 3: For case 1, if RBG is {1,2,4}, PRG is equal to RBG. If RBG is {8,16} then PRG is 4.
Proposal 4: Support fixed bundling size for broadcast PDSCH.


	6
	Samsung [1]
	R1-1715930
PRB bundling for NR DMRS
	In this contribution, precoding granularity for NR DMRS is discussed. Based on the discussions and evaluation results, the following observations and proposals are provided:
Observations: 
· Between explicit and implicit indication of PRB bundling size, 
· Implicit indication may provide more optimization, however, it would be difficult to optimize all possible DMRS patterns, transparent precoder cycling and UE implementations.
· In contrast to implicit indication, explicit indication can provide flexible indication for all possible cases such as DMRS patterns, transparent precoder cycling and different UE implementations.
· For the usage of 1 bit, co-existence of Case 1 UEs and Case 2 UEs are possible and important use case.
· Performance benefits from 1 PRB based frequency selective precoding can reduce performance gap with 2 PRB bundling, however, 2 PRB bundling still shows slightly better performance. 
· Larger bundling size such as 8 PRB and 16 PRB bundling provides large performance benefits. 
· For configuration 1, 16 PRB bundling showed up to 26% gain in link level simulation and 24% gain in system level simulation. 
· For configuration 2, 16 PRB bundling showed up to 33% gain in link level simulation and 20% gain in system level simulation.
Proposals: 
· NR supports explicit indication of PRB bundling size with following details:
· RRC based candidate configuration among possible options in Case 1 and Case 2.
· For Case 1, 
· 1 PRB based precoding granularity is not supported.
· PRB bundling with 8 and 16 PRBs shall be additionally supported.
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	Intel Corporation [1]
	R1-1716288
On PRB bundling for DL
	In this contribution, we discussed PRG issues. We have the following observation.
· System level performance benefits of dynamic PRG switching between PRG sizes of 2 and 4 PRBs and single CQI report is questionable
· Allocation of the explicit 1 bit in DCI for PRG switching is not desirable considering the likely limited performance gains of the dynamic PRG switching

Based on the observation, the following proposals are made:
· Dynamic switching between PRG size is supported implicitly based on the DM-RS antenna port indication value wrt to other co-scheduled DM-RS antenna port(s)
· To align PRG assignment to PRBs for UEs with different BW capability, the PRB offset indication based on accessed SS block should be considered. 
· For secondary carriers without SS block the additional signalling for the “virtual SS block” should be considered.
· NR supports PRG size of 1 PRB to to support flexible MU-MIMO operation with resource allocation of type 2 


	8
	Ericsson [1]
	R1-1716344
PRB bundling for DL
	Based on the discussion in this contribution we propose the 
Proposal 1	PRB bundle size of 1 RB is supported
Proposal 2	The DCI can dynamically switch between two RRC configured PRB bundling values from the set {2,4,full}
Proposal 3	The default (prior to RRC configuration) downlink PRB bundling configurations is 2 RB and “full” and the selection among the two is performed by DCI.


	9
	Qualcomm Incorporated [1]
	R1-1716391
Discussion on PRB bundling for DL
	We propose:

Proposal 1: For case-1 PRB bundling option NR supports only 2 and 4.  

Proposal 2: PRG boundaries match RBG boundaries on an absolute grid of the component carrier.

Proposal 3: The traffic to pilot ratio (TPR) is the same in all the PRBs of a PRG, and it is statically or semi-statically configured to a UE.

Proposal 4: In NR MU-MIMO, support RRC configuration based on which a UE assumes that its serving ports share the same PRB bundling configuration with the other-MU-paired ports.

Proposal 5: The 1-bit DCI signaling, is used only to dynamically switch between case 1 and case 2 PRB bundling options. 


	10
	InterDigital, Inc. [1]
	R1-1716464
On Dynamic PRG Size Configuration in NR
	In this contribution, we provide our views on the requirements and benefits of flexible RB bundling size in support of frequency selective precoding for MIMO transmission.
Proposal 1 – To minimize control overhead, RAN1 considers implicit methods for PRG size determination, such as scheduling size dependent PRG size.
Proposal 2 - If an indication of a specific predefined value for PRG size, e.g. 1 PRB, becomes a design necessity, a DCI bit could be used to indicate whether to use the predefined PRG size or an implicit rule to determine the PRG size.


	11
	Nokia, Nokia Shanghai Bell [1]
	R1-1716493
On remaining issues on PRB bundling
	In this section, we summarize the key observations/proposals related to PRB bundling for both uplink and downlink:
Proposal 1: NR support semi-static configuration of PRG with any two values of {2 RBs, 4 RBs and whole scheduled RBs} via higher layer signaling and dynamically configure one of two configured values by 1bit DCI indication.

Proposal 2: For broadcast PDSCH, PRG=2 should be used always. 





