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Introduction
This contribution is a revision of R1-1716391 from RAN1 #AH3. In RAN1 #AH2 [1] and RAN1 #90 [2], the following agreements were made respectively regarding the DL PRB bundling:
Agreements:
· For DL data transmission:
· PRB bundling size values include
· Case 1: one or more values down-selected from the following set
· {[1], 2, 4, 8 and 16};
· FFS the relationship with RBG size; 
· Case 2: values equal to consecutively scheduled bandwidth in frequency;
· For UE-specific PRB bundling size indication, support dynamically indicated PRB bundling size with up to 1 bit overhead;
· FFS implicit indication to reduce configuration overhead, e.g., based on DMRS configuration etc;
· FFS the usage of above 1 bit, e.g. whether to switch between Case 1 and Case 2 or between two configured Case 1 values;
· FFS other aspects related to MU-MIMO pairing and  higher-layer signaling
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
In this contribution, we present our views on the size of the PRB bundling for downlink.  
Case 1: PRB bundling option
Using a PRG of 1 typically only results to losses compared to a larger PRG, especially due to the channel estimation loss, even if we consider genie SVD precoding on the downlink.  Even in scenarios of transmit diversity using PRB-level precoding cycling demonstrates worse performance than precoding cycling with 2 PRBs. Furthermore, it has been argued that not allowing for PRG=1 could result in system level loss in scenarios of highly flexible MU-MIMO pairing; however such cases are not clear since the channel estimation loss is very likely to be a more important factor than the higher scheduling flexibility.  
Overall, we do not see strong technical arguments for supporting the additional value of PRG=1. Since RBG may be 2, 4, 8, 16, having a minimum PRG=2 is preferred as a default mode of operation to allow for a clean and simple design for both SU-MIMO and MU-MIMO operations without losing performance across a wide variety of channels and scenarios. Note that such a clean solution would be very appropriate from inter-cell interference coordination, noise estimation at the UE, and MU-pairing. 
Proposal 1: For case-1 PRB bundling option NR supports only 2 and 4.  

It was agreed that PRB bundle is based on absolute PRB-grid of a component carrier. This agreement needs to extend also for the RBG boundaries, i.e., the RBG boundaries are based on an absolute RBG-grid of a component carrier. This would be very helpful for flexibile MU-MIMO pairing without increased UE complexity. 

Proposal 2: PRG boundaries match RBG boundaries on the absolute grid of a component carrier.
 MU-MIMO and PRG-related considerations
The traffic to pilot ratio (TPR) should be semi statically configured and be the same across all the PRBs belonging in a PRG; the scheduler should ensure that even though different MU-MIMO pairing may occur, the power of the RS to the data from UE perspective does not dynamically change. Note that this is the case in LTE, and it should also be the case for NR, otherwise TPR blind estimation may be error-prone and a comprehensive study would be needed to ensure that it could actually work reasonably well.

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.

A second MU-MIMO related consideration that needs to be made is the following: Due to the high number of MU-MIMO ports and the dynamic change of the PRG, estimation of interfering MU-MIMO paired ports and cancellation would be significantly more effective if the UE is aware of the PRG option of the interfering ports. The simplest way of achieving this without introducing additional DCI overhead would be to guarantee that all MU-MIMO paired ports have the same PRG, i.e., the PRG signaling is still UE-specific, but the UE may assume that its serving ports have the same PRG as the interfering ports that are MU-MIMO paired. If that is not the case, then a UE may be receiving ports with case-2 PRB bundling, while the MU-paired ports are transmitted with case-1 PRB bundling; in which case the UE cannot exploit wideband channel estimation for these interfering ports. Another issue would be that the UE would have to pick one channel estimation procedure to be used in each slot for all the ports, serving and interfering ports, so it would require to make an assumption on what is the PRB bundling of the interfering ports. 

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.

Third, if 1-bit DCI overhead is agreed, this should at least be used to switch between case 1 and case 2 PRB bundling options. It is not clear to us the use case for switching between PRG=2 and PRG=4. 

[bookmark: _Ref378529477]Proposal 5: The 1-bit DCI signaling, is used only to dynamically switch between case 1 and case 2 PRB bundling options.  
 Conclusions
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. 
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Appendix
Numerical study: PRG choice using CDL channels
We also provide additional results with CDL channels with 8, 16 Tx antennas at the eNB and 4 antennas at the UE with genie knowledge of the SRS at the eNB side, and MMSE-type of DMRS channel estimation at the receiver. Results can be found in the Appendix.
We summarize the simulation parameters of the numerical example shown above in the following table
	Parameter
	Value

	FFT Size
	2048

	Numerology
	30 KHz SCS with NCP

	Assigned Bandwidth
	128 PRBs

	Tx antenna configuration
	(8,4,2) or (4,4,2) 

	Rx antenna configuration
	(1,2,2)

	Number of layers
	Rank Adaptation (Layers 1-4)

	Control Overhead
	2 OFDM symbols

	Coding
	3GPP Turbo LTE

	HARQ
	RV: 0,1,2,3

	TTI
	0.5 msec (14 OFDM symbols)

	Link Adaptation
	Target: 10% TB Error (1 bit ACK/NAK per TTI), SCW MIMO

	DMRS 
	One-symbol front-load config-1

	slot Structure
	12 DL symbols, 1 guard symbol, 1 uplink symbol

	Uplink Symbol
	4 antenna SRS wideband sounding in a comb-4 structure

	Channel
	Doppler spread Fd = 11 Hz 

	MCS Table
	32 entries up to 256-QAM with rate 0.8889

	Reciprocal BF
	svd-based beamforming with PRG-level granularity based on channel knowledge acquired from realistic SRS estimation
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SIM_TAG=NUM_TX_ENB: 16, NUM_RX_UE: 4, SCS: 30 KHz, ChaP: CDL-B, Fd: 

11.11 Hz (3.0027Kmh), RMS DS: 100 nsec, Allocated PRBs: 128 DEMAPPER_TYPE: 

MMSE, PDSCH SYMB IDX: 3-12, PDCCH_SYMB_IDX: 1-2.
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SIM_TAG=NUM_TX_ENB: 16, NUM_RX_UE: 4, SCS: 30 KHz, ChaP: CDL-C, Fd: 

11.11 Hz (3.0027Kmh), RMS DS: 300 nsec, Allocated PRBs: 128 DEMAPPER_TYPE: 

MMSE, PDSCH SYMB IDX: 3-12, PDCCH_SYMB_IDX: 1-2.
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SIM_TAG=NUM_TX_ENB: 16, NUM_RX_UE: 4, SCS: 30 KHz, ChaP: CDL-C, Fd: 

11.11 Hz (3.0027Kmh), RMS DS: 1000 nsec, Allocated PRBs: 128 DEMAPPER_TYPE: 

MMSE, PDSCH SYMB IDX: 3-12, PDCCH_SYMB_IDX: 1-2.
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SIM_TAG=NUM_TX_ENB: 8, NUM_RX_UE: 4, SCS: 30 KHz, ChaP: CDL-B, Fd: 

11.11 Hz (3.0027Kmh), RMS DS: 100 nsec, Allocated PRBs: 128 DEMAPPER_TYPE: 

MMSE, PDSCH SYMB IDX: 3-12, PDCCH_SYMB_IDX: 1-2.
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PDSCH.Spectral_Efficiency_bpsHz
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SIM_TAG=NUM_TX_ENB: 8, NUM_RX_UE: 4, SCS: 30 KHz, ChaP: CDL-C, Fd: 

11.11 Hz (3.0027Kmh), RMS DS: 300 nsec, Allocated PRBs: 128 DEMAPPER_TYPE: 

MMSE, PDSCH SYMB IDX: 3-12, PDCCH_SYMB_IDX: 1-2.
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PDSCH.Spectral_Efficiency_bpsHz
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SIM_TAG=NUM_TX_ENB: 8, NUM_RX_UE: 4, SCS: 30 KHz, ChaP: CDL-C, Fd: 

11.11 Hz (3.0027Kmh), RMS DS: 1000 nsec, Allocated PRBs: 128 DEMAPPER_TYPE: 

MMSE, PDSCH SYMB IDX: 3-12, PDCCH_SYMB_IDX: 1-2.
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PDSCH.Spectral_Efficiency_bpsHz
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