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1 Introduction

At RAN1 #89 meeting [1], it was agreed that:
· For DL data transmission

· FFS UE feedback assisted PRB bundling size with respect to UE complexity, feedback overhead increase and performance gains.

At RAN1 AH#1709 meeting [2], it was agreed that:

· Support the 1 bit DCI indication for PRB bundling size

· Dynamic PRB bundling is part of UE capability signalling discussion;

· FFS details; 

· If UE does not support dynamic PRB bundling, then only one PRB bundling size is higher layer configured;

· FFS the detailed usage of the 1 bit;
· The PRB bundle defined in the absolute PRB grid of the wideband CC from network perspective is aligned with RBG boundary

In this contribution, we discuss the remaining details of configuration for the UE-specific configurable PRB bundling size. 
2 Corrections on PRB bundling configuration in 38.214
2.1 Correction on for Case2 configuration in 38.214
In current 38.214, PRGs of size 
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partition the carrier bandwidth part i and each PRG consists of consecutive PRBs, which can be one of the values among {2, 4, scheduled bandwidth}. Regarding the value of scheduled bandwidth, it is expected that only one precoding will be applied on the whole scheduled bandwidth of a given UE, and the UE can perform PRB bundling over all these scheduled PRBs.
It has been agreed in [2] that PRB bundling size is defined in the absolute PRB grid of the wideband CC, which has also been captured in 38.214 v2.0.0. The first PRG size is given by 
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and the last PRG size is given by
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. There may be more than 1 bundling sizes within UE’s scheduling bandwidth. The defined PRB bundling sizes can be found in Fig. 1.
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Fig. 1 PRB bundling size defined in the absolute PRB grid of the wideband CC
As mentioned above, UE will assume that the PRG size is the whole scheduled bandwidth if 
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 is configured to be “scheduled bandwidth”. However, according to the definition scheme based on PRB grid of the wideband CC, up to 3 PRG sizes may be obtained. Obviously the definition deviates from the design intention of Case2, which is define with only 1 PRG during the whole scheduling bandwidth of a given UE. So some restrictions on Case2 configuration should be made in section 5.1.2.3 of 38.214. Specifically, bundling size Case 2 should not be defined in the absolute PRB grid of the wideband CC. 
Based on the analysis, we have the following text proposal for 5.1.2.3 of 38.214, which also can be found in the draft CR [3].

	----Text Proposal for TS 38.214-------------------------------------------------------------------------
2.1.1.1 5.1.2.3
Physical resource block (PRB) bundling

A UE may assume that precoding granularity is multiple resource blocks in the frequency domain. 

Precoding Resource Block Group (PRGs) of size 
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partition the carrier bandwidth part i and each PRG consists of consecutive PRBs, which can be one of the values among {2, 4, scheduled bandwidth}. 

If a UE is configured with PRG of "scheduled BW", the UE is not expected to be scheduled with non-contiguous resource allocation.

The PRG for each carrier bandwidth part is configured by the higher layer parameter prbBundling and pdsch-BundleSsize, otherwise the PRG size is equal to 2 PRBs.

When the bundling size is configured as one of the values among {2, 4}, the first PRG size is given by 
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and the last PRG size given by 
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, otherwise, 
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2.2 Correction on alignment between PRG and RBG in 38.214
It has been agreed in [2] that the PRB bundle defined in the absolute PRB grid of the wideband CC from network perspective is aligned with RBG boundary. However, current wordings in section 5.1.2.1.1 and 5.1.2.3 of 38.214 v2.0.0 are not aligned with the agreement. For example, in section 5.1.2.2.1, it is described that RBG is defined based on PRB grid of the current BWP. Therefore, the total number of RBGs (
[image: image10.wmf]RBG

N

) for a downlink carrier bandwidth part of size
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of the RBGs are of size P and if 
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. However, in section 5.1.2.3, PRB bundle is defined in the absolute PRB grid of the wideband CC. According to the agreements in [2], the wording in section 5.1.2.1.1should be modified to align the boundary of RBG and PRG. 
Based on the analysis, we have the following text proposal for 5.1.2.2.1 of 38.214, which also can be found in the draft CR [4].

	----Text Proposal for TS 38.214-------------------------------------------------------------------------
5.1.2.2.1
Downlink resource allocation type 0

In downlink resource allocation of type 0, the resource block assignment information includes a bitmap indicating the Resource Block Groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive physical resource blocks defined by higher layer parameter [RBG size configuration downlink] and the size of the carrier bandwidth part as defined in Table 5.1.2.2.1-1.

Table 5.1.2.2.1-1: Nominal RBG size P

Carrier Bandwidth Part Size

Configuration 1

Configuration 2

[1st Range of RBs]

P = [one of {2, 4, 8, 16}]
P = [one of {2, 4, 8, 16}]
[2nd Range of RBs]

P = [one of {2, 4, 8, 16}]
P = [one of {2, 4, 8, 16}]
[3rd Range of RBs]

P = [one of {2, 4, 8, 16}]
P = [one of {2, 4, 8, 16}]
[4th Range of RBs]

P = [one of {2, 4, 8, 16}]
P = [one of {2, 4, 8, 16}]
The total number of RBGs (
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and the last RBG size given by 
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. The bitmap is of size 
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bits with one bitmap bit per RBG such that each RBG is addressable. The RBGs shall be indexed in the order of increasing frequency starting at the lowest frequency of the carrier bandwidth part.
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3 Summary of needed agreement

3.1 UE assisted PRB bundling configuration
It has been agreed to support UE-specific PRB bundling size rather than the same system bandwidth dependent PRB bundling size for all UEs as in LTE. Since each UE has more perfect knowledge of DL CSI estimation, noise and interference information, computational capability as well as channel estimation and demodulation algorithm than base station, it is better to determine an appropriate PRB bundling size for the target UE with the help of its own feedback. Besides, it has been agreed that different UEs can be configured with different signaling schemes, e.g., RRC+DCI or RRC only, based on their own capabilities. From this perspective, it is better to introduce UE-assisted PRB bundling configuration for the signaling scheme selection. In practice, the UE can estimate the channel qualities with different assumptions on PRB bundling sizes, and then reports the network a preferred PRG or PRB bundling configuration, e.g., bundling size or its index. Based on the feedback of UEs’ recommendations on configurations of bundling size, gNB makes the final decision on exact configurations of PRB bundling size. 
In the following we provide some simulation results to show the performance gains derived from UE-assisted PRB bundling size configuration. We will show in this simulation that different bundling sizes will be preferred for UEs with different reception algorithms. In the simulation, SU downlink OFDM system with CDL-A 1000ns channel is assumed. It simulated with a carrier frequency of 4GHz and sub-carrier spacing of 15 kHz. The used MCS is 22. DMRS pattern in the simulation is shown in Fig. 2. Besides, different channel estimation algorithm including LS & linear interpolation and MMSE based Wiener filtering in frequency domain are compared in the simulation. More detailed assumptions are given in Appendix.  
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Fig. 2 DMRS pattern in the simulation
In Fig.2 the resulting BLER are shown for different PRB bundling sizes with different reception algorithms.
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Fig.2 Performance of different PRB bundling sizes with different reception algorithms
From the above simulation results we can easily find that the preferred PRB bundling sizes for different channel estimation algorithms are quite different from each other. For example, with wiener filtering algorithm, the preferred bundling size is 4, while maximum value 10 is preferred for reception algorithm of LS & linear interpolation. If same bundling size, e.g., 10, is adopted for these two kinds of reception algorithms, there will be -0.7dB performance loss for UE with wiener filtering algorithm. The observations mean that it would be more preferable to configure UE-specific PRB bundling size according to the condition of target UE itself. Based on the analysis and simulations, the following proposal can be made:
Proposal 1: UE-assisted PRB bundling configuration should be supported in NR.
4 Conclusions
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 proposal is made.

Proposal 1: UE-assisted PRB bundling configuration should be supported in NR.
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