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1. Introduction
In 3GPP TSG RAN WG1 #90 meeting, the following agreements were achieved on PRB bundling support in NR [1]:
	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 share our view on the remaining issues of PRB bundling for DL.
2. Discussion
Support of 1 PRB for PRG size
According to the agreement 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 to provide the maximum flexibility for MU-MIMO pairing at the TRP. 
Proposal:
· NR supports PRG size of 1 PRB to to support flexible MU-MIMO operation with resource allocation of type 2 
PRG assignment to PRBs
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 illustrated in Figure 1. 
[image: ]
Figure 1 Illustration of different BW assumptions at the UE
As the result, if LTE principle is used to assign PRG to PRBs using UE system bandwidth, PRG boundaries may not be aligned across different UEs. To overcome the issue, common PRG assignment to PRB, was agreed in RAN1#90 meeting, irrespective of the bandwidth supported by the UE
We note that similar requirement is currently considered for configuration of BWP. It is, therefore, preferably to align the principles to achieve common framework including signalling details. In particular, to achieve common PRB indexing for BWP configuration, the following approach was already agreed which utilizing detected SS block index as reference point to indicate the PRB offset. 
	Agreements:
· Common PRB indexing is used at least for DL BWP configuration in RRC connected state
· The reference point is PRB 0, which is common to all the UEs sharing a wideband CC from network perspective, regardless of whether they are NB, CA, or WB UEs. 
· An offset from PRB 0 to the lowest PRB of the SS block accessed by the UE is configured by high layer signaling
· FFS the configuration is by RMSI and/or UE-specific signaling
· The common PRB indexing is for maximum number of PRBs for a given numerology defined in Table 4.3.2-1 in 38.211
· FFS: common PRB indexing for RS generation for UE-specific PDSCH
· FFS: common PRB indexing for UL



The approach of using SS block as reference point to indicate the offset is illustrated in Figure 2. It should be noted that special consideration is required for the secondary carrier operating without SS block. For this scenario, additional higher layer signalling can be considered to indicate the “virtual SS block” which can be used for the indication of the PRB offset.
[image: ]
Figure 2 Illustration of PRB offset indication relative to SS block

Proposal:
· 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.
Dynamic switching and default PRG size
One of the open issue of PRG support is dynamic switching between two PRG size cases. It should be noted that in order to get performance advantage for the dynamic switching between different PRB bundling options, the reported by the UE CQI should include channel estimation processing gains corresponding to different PRG bundling options. Since support of multiple CQI reports for that purpose is not expected to be defined in NR, it is expected that any possible performance advantage, due to dynamic switching pf RPG size, would be difficult to achieve from the system level perspective comparing to semi-static configuration of PRB bundling, where the reported CQI value exactly matched to the expected quality of the link quality. Moreover, limited performance gains, for PRB bundling options with 2 and 4 PRBs would make testing of dynamic switching between two PRB bundling sizes meaningless. It is, therefore, not recommended to introduce dedicated bit in DCI to support this feature and rely more on the implicit approach for indicating the actual PRG size. 
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
[bookmark: _GoBack]Considering the observation above, implicit approach of PRG switching should be considered for NR. For example, support of dynamic switching for PRG size 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 1st configured or implicitly derived size of PRG, and in case other DM-RS antenna ports are present, 2nd configured or implicitly derived value of PRG size.
Proposal:
· 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)
3. Conclusion
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 
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