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1. Introduction
In 3GPP TSG RAN WG1 NR Ad-Hoc#2, the following agreement was made on PRB bundling support for DL [1]:
	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



In this contribution, we share our view on the remaining issues of PRB bundling for DL.
2. Discussion
Support of 1 PRB for PRG size
Figure 1 shows the performance of precoding cycling scheme for different PRB bundling options for resource allocation of 4 PRBs. It can be see that the performance improvement due to PRB bundling size of 1 RPB depends on the operating BLER. More specifically, due to higher diversity, performance gains for PRG = 1 becomes more pronounced comparing to other PRG size options for lower values of BLER. Considering that NR would operate under different target BLER (including BLER = 10-5 ~ 10-4), usage of PRG = 1, as means to maximize diversity order, becomes essential option to improve overall system performance.
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Figure 1 Performance of open-loop for different PRG size, resource allocation size = 4
Moreover, considering the agreement on the use of resource allocation of Type 2 [1], the minimum resource granularity supported by NR is 1 PRB.
	Agreements:
· …
· In frequency-domain, for PDSCH in NR, a resource allocation scheme based on LTE DL RA Type 2 is supported in Rel. 15.
· FFS:
· A coarser granularity (i.e. more than 1RB) of resource assignment in order to reduce the overhead further  
· BW parts
· …


In case resource allocation of Type 2 is used for MU-MIMO transmission, e.g. to support small packet transmission (e.g. TCP ACK/NACK), PRG = 1 assumption should be also allowed.
Proposal:
· NR supports PRG size of 1 PRB to improve the performance in open loop through higher diversity order and to support MU-MIMO operation with resource allocation of type 2 
PRG assignment to PRBs
[bookmark: _GoBack]In LTE the PRG are assigned starting from the lowest PRB index. In NR due to support of wideband system operation, different UE may have different bandwidth assumption. As the result the PRG assignment to PRBs may be mismatched for different UEs. As the result, when MU-MIMO is considered and resource allocation type 0 is used, UE may not be able to take advantage of the larger PRG size. To overcome the issue of PRG assignment mismatch for different UEs, it is proposed to perform PRB assignment procedure to PRG starting from the centre of SS/PBCH block as illustrated in Figure 2 or some common reference PRB indicated to the UE.
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Figure 2 PRG assignment to PRB from centre of PBCH/SS block
Proposal:
· To align PRG assignment to PRBs for UEs with different BW capability, PRG are assigned to PRB starting from the center of SS/PBCH block
Dynamic switching and default PRG size
One of the open issue of PRG support is dynamic switching between two PRG size cases. Since the main motivation of supporting dynamic switching is support of SU and MU-MIMO, the switching can be performed implicitly by using DM-RS antenna port indication. If DM-RS antenna ports indicated for the UE doesn’t include other co-scheduled DM-RS antenna ports, UE should assume PRG size equal to the all contiguously scheduled PRBs, and high layer configured value in case other DM-RS antenna ports are present. To support diversity transmission, the fall-back model may assume PRG equal to 1 PRB as default value. 
Proposal:
· Dynamic switching between case 1 and case 2 is supported implicitly based on the other DM-RS antenna port assumption indication for SU/MU MIMO switching
·  For fallback mode operation, UE always assumes PRG equal to 1 PRB as default 
3. Conclusion
In this contribution, we discussed PRG issues. We have the following proposals.
· NR supports PRG size of 1 PRB to improve the performance in open-loop through higher diversity order and to support MU-MIMO operation with resource allocation of type 2.
· To align PRG assignment to PRBs for UEs with different BW capability, PRG are assigned to PRB starting from the center of SS/PBCH block
· Dynamic switching between case 1 and case 2 is supported implicitly based on the other DM-RS antenna port assumption indication for SU/MU MIMO switching
·  For fallback mode operation, UE always assumes PRG equal to 1 PRB as default 
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Appendix
LLS simulation assumption
	Parameter for LLS
	Value

	Channel model
	TDL-B; 100ns, 30km/hr for open loop @4GHz

	Allocation size
	4

	BS antenna configuration
	4 Tx with high correlation.

	UE antenna configuration
	2 Rx with low correlation

	Channel estimation 
	Realistic 

	Interference estimation
	No interference

	Noise estimation
	Ideal

	Interference
	No interference

	UE receiver
	MMSE

	MCS
	~ QPSK 1/2; ~ 64-QAM 5/7.

	Max HARQ transmissions
	0
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