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[bookmark: _Ref129681832]At RAN1 #90 meeting [1], it was agreed that
· 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
At RAN1 NR Ad-Hoc #2 meeting [2], it was agreed that:
· For DL data transmission:
· 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
At RAN1 #89 meeting [3], 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.
In this contribution, we provide considerations on the remaining details of configuration and indication procedure and schemes for the UE-specific configurable PRB bundling size. 
Discussion
To cater for a great quantity of deployment scenarios in NR, it has been agreed in RAN1 Ad-Hoc meeting that NR will support configurable PRG sizes for DL data transmission. Since each PRG consists of consecutive PRBs with the same precoder, no phase discontinuity exists in the effective channel over these PRBs, PRB bundling is allowed. Filtering can be performed over the whole PRG, which can bring about considerable performance gain in DMRS based channel estimation. 
Regarding configurable PRB bundling sizes for DMRS, one issue is to provide schemes to determine which PRB bundling size is preferred for a given UE. By appropriately configuring PRB bundling size, the accuracy of DMRS based channel estimation can be greatly increased, which will certainly result in a better performance of data demodulation. It has been agreed in [1] that for PRB bundling NR will at least support 2 and 4 in Case 1 and consecutively scheduled bandwidth in Case 2, where the value 1 is FFS in the online discussion. 
Another issue is to determine mechanisms to indicate the configuration of PRB bundling size to the UE. It has been agreed in [2] that for UE-specific PRB bundling size indication, dynamically indicated PRB bundling size with up to 1 bit overhead is supported. Companies are encouraged to further study the usage of above 1 bit, e.g. whether to switch between Case 1 and Case 2 or between two configured Case 1 values. Besides the explicit indication scheme, another implicit indication based on DMRS configuration is also proposed to reduce configuration overhead. 
Moreover, unlike LTE, NR supports UE-specific PRB bundling size indication, thus a default PRB bundling size should be designed before configuration.  
In the following we present our views on configurable PRB bundling size from the two angles mentioned above.
Configurable PRB bundling sizes considerations
PRB bundling sizes selection
Several factors should be taken into account when deciding or configuring PRB bundling sizes as well as PRG sizes. Generally, appropriate determination of PRB bundling size relies at least on the following elements.
First, configuration of appropriate PRB bundling size depends on channel characteristics such as frequency selectivity. As mentioned above, PRB bundling eliminates the negative impact of extrapolation on channel estimation at the PRB boundary, thus a larger bundling size can be configured in scenarios with flat channels. However, in the channels with high frequency selectivity, if the PRB-bundling size is greater than the coherent bandwidth, it will degrade the performance in terms of channel estimation. For this reason, PRB bundling size in NR needs to be configured appropriately according to channel conditions and use cases.
Second, PRB bundling size should be designed appropriately considering different DMRS design. It has been agreed in [1] that both front-loaded 1 symbol pattern and 2-symbol pattern with multiple port densities are supported for two configurations of front-loaded DMRS in NR. With performance gain in channel estimation, PRB bundling can compensate for the performance deterioration result from low DMRS density in frequency. The expected DMRS density in frequency is also dependent on the channel condition; thus the positive effect of PRB bundling can be regarded as a system design component. 
Third, some other aspects of system design should also be considered when configuring appropriate PRB bundling size. Such as the complexity at UE, complexity of filtering over a large size or filtering over small size but many times should be well considered. Therefore, UE’s implementation complexity and efficiency also should be considered in PRB bundling.
Based on the above analysis, we propose that the PRG size for PRB bundling should be configurable by considering:
· Different use cases with channel characteristics such as frequency selectivity
· Different DM-RS patterns with configurable frequency domain densities
· System design aspects including implementation complexity at UE
As analyzed above, the following proposal is put forward.
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
As an agreement in last meeting, for PRB bundling sizes, NR will at least support {2, 4} in Case 1, and FFS for 1. In the following we will provide some evaluation results to investigate the preferred values in Case 1. In the simulations, a 2T2R downlink OFDM system with CDL channel is assumed. It simulated with a carrier frequency of 4GHz and sub-carrier spacing of 15 kHz. Simulated bandwidth is assumed to be 20 RB. The used constellation is 64QAM, and a code rate of 0.667 is used. As mentioned above, frequency selectivity of channel is very important to the determination of PRB bundling size. Therefore, we consider channels with different frequency selectivity in the simulations, for example, low/high delay spread channels with delays 100/1000ns are simulated. 
[image: ]       [image: ] 
(a) CDL-A with 100ns delay                                                      (b) CDL-A with 1000ns delay
Fig. 1 BLER performance comparison between different PRB bundling sizes
[image: ]  [image: ]
(a) CDL-B with 100ns delay                                                      (b) CDL-B with 1000ns delay
Fig. 2 Throughput performance comparison between different PRB bundling sizes
As can be seen in Fig.1, no matter in flat channels with small delay spread, e.g., CDL-A with 100ns RMS DS, or in frequency selective channels with very large delay spread, e.g., CDL-A with 1000ns delay, the preferred PRB bundling sizes are always greater or equal to 2. For example, compared with bundling size 1, about 0.7 dB gain can be obtained at BLER=10^-1 with bundling size 2. In Fig.2, throughput performances are compared in channels with different frequency selectivity, e.g., CDL-B with 100ns RMS DS and CDL-B with 1000ns delay. In this simulation, a SU downlink OFDM system with 4T4R is assumed. It also simulated with a carrier frequency of 4GHz and sub-carrier spacing of 15 kHz. As shown in the figures, the optimal PRB bundling sizes are always greater or equal to 2. For example, in CDL-B/1000ns channel, compared with bundling size 1, about 30% gain can be obtained at SNR=20dB with bundling size 2.     
In additional to the evaluation results, the PRB bundling size 1 will decrease the MU performance. In scenarios considering MU-pairing or inter-cell interference coordination, each scheduled UE has to make assumption on bundling size of other co-paired and interference-causing UEs. If value 1 is supported in Case 1, assumption on bundling size should always be 1, although the actual bundling size of other UE is possibly a larger bundling size which will result in performance loss in MU pairing. One argument will be the UE is configured with type-2 resource allocation, then one RB allocation is possible. However, the possibility with 1 RB resource allocation is not a general case for PDSCH, and even some UEs are allocated with 1 RB resource, it is still not necessary for such UE to MU pairing transmission. So, considering on the MU performance loss, PRB bundling size 1 should not be introduced.
Then, from the UE complexity, if PRB bundling size 1 is introduced, due to the DMRS density with PRG bundling 1 for channel estimation may not sufficient in some cases, such as low SINR cases, then the DMRS estimation should be optimized separately, which will increase the UE complexity.
Therefore, it would be more preferable to have PRB bundling size vary from minimum of 2 to a certain maximum number, and the PRB bundling size 1 is not supported in NR.
Proposal 1: PRB bundling size 1 is not supported in NR.
Besides, if a given UE is configured with Case 2, some additional considerations may be required when it is allocated with some discontinuous scheduling bandwidth in NR. In these cases, a fallback scheme or a default PRB bundling size (e.g., PRG size or the greatest common divisor of all the continuous scheduling bandwidth for the target UE) should be considered when the UE is indicated to use continuous scheduling bandwidth for PRB bundling.
Regarding PRB bundling size for broadcast PDSCH, to guarantee more robust performance, bundling size 2 in Case 1 should be supported. Firstly, without CSIT, one arbitrary precoding is adopted in the consecutively scheduled bandwidth for the target UE if Case 2 is used, while more reliable transmission can be achieved by changing or cycling precoding for each 2 or 4 PRBs if Case 1 is employed. Secondly, since the default PRB bundling size should provide a high enough robustness to most of channel conditions including channels with very large delay spread, e.g., CDL-A with 1000ns, it is expected that a smaller bundling size should be considered. Based on the analyses, we have the following proposal,       
Proposal 2: Support PRB bundling sizes 2 for broadcast PDSCH.   
Signaling of PRB bundling sizes
As mentioned above, to realize configurable PRG size for UE-specific flexible DMRS bundling, another important issue is to provide schemes to configure and indicate appropriate bundling size to a target UE. 
RAN1 #88bis meeting suggested to further study a hierarchical indication procedure for configuring PRB bundling size, and RAN1 NR Ad-Hoc #2 agrees to support up to 1-bit DCI singling for dynamically switch between 2 bundling sizes. Since MU-pairing is operated dynamically, and PRB bundling size should be adapted to different MU-pairing to guarantee robust channel estimation, we should first confirm 1-bit DCI singling for dynamically switching PRB bundling sizes. Then, in the indication scheme, RRC signaling is employed to configure a given UE with a bundling size set, and 1 bit is used to further dynamically indicate a specified value in the set. The hierarchical indication scheme is a practical solution to coordinate the contradiction between dynamic signaling overhead and DMRS channel estimation accuracy. In practice, multiple PRB bundling size sets can be specified for some pre-defined configurations such as carrier frequency, numerology. It has been agreed in NR that UE is configured with BWP in terms of PRBs, and different BWPs are configured with different numerologies. Therefore it is natural to specify different PRB bundling size sets for different BWPs. RRC configures UE with several typical values from corresponding bundling size set, and gNB/UE only need to select a relatively better value from the configured subset and indicated/feedback it to the other side. 
Another remaining issue is to further study the usage of above 1 bit, e.g. whether to switch between Case 1 and Case 2 or between two configured Case 1 values. Consider implementation complexity at UE in real time transmission, we prefer using the signaling to switch between Case 1 and Case 2.  
Regarding signaling schemes for the configuration of flexible PRB bundling sizes, the following proposals are put forward.
Proposal 3: Support RRC+DCI signalling for configurable DMRS PRB bundling.
Proposal 4: Support different PRB bundling size sets (subsets) for different bandwidth parts.
UE assisted PRB bundling
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. 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.3. 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.3 DMRS pattern in the simulation
In Fig.4 the resulting BLER are shown for different PRB bundling sizes with different reception algorithms.
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Fig.4 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 5: UE-assisted PRB bundling size configuration should be supported in NR.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]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.
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Appendix
Table. LLS simulation assumptions
	Attributes
	Values or assumptions

	Carrier frequency
	4GHz

	Channel model
	CDL-A/1000ns

	Subcarrier Spacing
	15kHz

	Allocated bandwidth
	20RB

	Bundling sizes
	1/2/4/5/10

	UE speed
	3km/h

	Ant. Config.
	4Tx; 4Rx

	Rank
	2

	Coding scheme
	Turbo

	Channel estimation
	MMSE based wiener filtering;
Linear interpolation

	Receiver
	MMSE-IRC

	MCS
	22
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