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Introduction
In the contributions of PRB bundling for DL, specification capturing problems mainly are discussed. There are also some other remaining issues that needs further agreement. Based on these contributions, this section is divided into the following three sections.  
1. Issues regarding 38.214 capture
2. Issues regarding 38.211 capture
3. Other remaining issues
Issues regarding 38.214 capturing
1.1 Alignment between PRG and RBG
With the following agreement, current capturing of PRG and RBG is not accurate. 
Agreement:
The PRB bundle defined in the absolute PRB grid of the wideband CC from network perspective is aligned with RBG boundary.
Multiple companies (vivo, Intel, Samsung, Huawei, Qualcomm) have reported this problem. There are mainly two choices:
1. PRG is partitioned from the BWP start. (Intel)
2. RBG is partitioned from common resource block 0. (vivo, Samsung, Huawei, Qualcomm)
The second option is aligned with previous agreement. So the following is proposed.
Proposal 1: 
Capturing the following into 38.214: RBG is partitioned from the common resource block 0 (reference point A).

	----Text Proposal for TS 38.214------------------------------------------------------------------
5.1.2.2.1	Downlink resource allocation type 0
< Unchanged parts are omitted >














The total number of RBGs () for a downlink carrier bandwidth part of size PRBs is given by  where of the RBGs are of size P and if  then one of the RBGs is of size . For the  RBGs of a downlink carrier bandwidth part starting at , the first RBG size is given by and the last RBG size given by  if ≠0，and the last RBG size is P if =0. The bitmap is of size bits with one bitmap bit per RBG such that each RBG is addressable. The RBGs shall be indexed in the order of increasing frequency and non-increasing RBG sizes starting at the lowest frequency of the carrier bandwidth part.
< Unchanged parts are omitted >




1.2 PRG partition when PRG size is scheduled bandwidth
Huawei points out that current capturing of 38.214 could apply the PRG partition for any possible value including scheduled bandwidth. Such partition behavior for scheduled bandwidth is not aligned with previous common understanding. For scheduled bandwidth, PRG is whole scheduled bandwidth. The following proposal is made.
Furthermore, it is also pointed out (LGE, Qualcomm) that size of last PRG might be equal to 0 under current description. In Intel’s contribution, it is also pointed out that PRG does not always contain configured number of PRBs.
Proposal 2: 
Capturing the following into 38.214:
· PRG partition is only applied when the PRG size is 2 or 4.
· 

The last PRG size is the last PRG size is  if =0.
	[bookmark: _Hlk504478049]----Text Proposal for TS 38.214------------------------------------------------------------------
5.1.2.3	Physical resource block (PRB) bundling

< Unchanged parts are omitted >


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

< Unchanged parts are omitted >






[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK6]When the bundling size is configured as one of the values among {2, 4}, the first PRG size is given by and the last PRG size given by  if≠0，and the last PRG size is  if =0.
< Unchanged parts are omitted >




1.3 RRC parameter structure
Current RRC parameters regarding PDSCH PRB bundling size does not fully reflect the corresponding agreement (OPPO). The corresponding RRC parameter was captured as following:
	-- Bundle size the UE may assume. Corresponds to L1 paramter 'PDSCH-bundle-size' (see 38.211, section 7.3.1.5).
	-- If the field is absent, the UE assumes value n2. 
	-- FFS: Better description
	pdsch-BundleSize						ENUMERATED {n2, n4, wideband}												OPTIONAL,

	-- If set to true, the network indicates the PRB bundle size dynamically via DCI. Corresponds to L1 parameter 'PRB_bundling' 
	-- (see 38.214, section 5.1.2.3)
	prbBundlingEnabled						BOOLEAN,
Above RRC parameter does not fully capture the following agreement.
Agreement
When the DCI bit field indicated “1” and two candidate values are configured
PRG size is determined based on the minimum # of contiguous scheduled PRBs 
If configured candidates = (2, Case-2)
PRG = 2, if minimum No. of contiguous scheduled PRBs < BWP/2
PRG = Case-2, otherwise
If configured candidates = (4, Case-2)
PRG = 4, if minimum No. of contiguous scheduled PRBs < BWP/2
PRG = Case-2, otherwise
The UE is not expected to be configured with (2, 4) for implicit determination for DCI bit field “1”.
Note: Per agreement from #90b meeting, “When a UE is configured with RBG=2, the UE is not expected to be configured with PRG=4”.

Proposal 3: 
Further refine the corresponding RRC parameter regarding PRB bundling size configuration.
1.4 PRG for broadcast channels
Current spec does not fully capture PRG for broadcast channels (LGE, OPPO). The following text proposal is proposed. 
	----Text Proposal for TS 38.214------------------------------------------------------------------
5.1.2.3	Physical resource block (PRB) bundling
< Unchanged parts are omitted >

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 receiving PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI before higher layer configuration with PRB-bundling and PDSCH-bundle-size, the UE shall assume that the PRG size is equal to 2 PRBs. 
When receiving PDSCH scheduled by PDCCH with CRC scrambled by SI-RNTI, RA-RNTI, P-RNTI and or TC-RNTI, the UE shall assume that the PRG size is equal to 2 PRBs.
If a UE is configured with PRG of “scheduled BW”, the UE is not expected to be scheduled with non-contiguous resource allocation and the UE assume that the same precoder is applied over the scheduled bandwidth
< Unchanged parts are omitted >



1.5 Descriptions of dynamic PRB bundling size indication
Various editorial issues related to dynamic PRB bundling size indication is proposed by several companies. The following combo text proposal tries to address issues raised by these companies.
	----Text Proposal for TS 38.214------------------------------------------------------------------
5.1.2.3	Physical resource block (PRB) bundling
< Unchanged parts are omitted >
If the higher layer parameter prbBundling is set to ‘ON’, the higher-layer parameter pdsch-BundleSize configures two sets of PRG values, the first set includes one or two PRG values among {2,4, scheduled bandwidth}, and the second set includes one PRG value. 
-	If the PRB bundling size indicator signalled in DCI format 1_1 as defined in Subclause 7.3.1.2.2 of [2, TS 38.212] is set to ‘0’, the UE shall use the PRG value from the second set of PRG values. 
-	If the PRB bundling size indicator signalled in DCI format 1_1 as defined in Subclause 7.3.1.2.2 of [2, TS 38.212] is set to ‘1’ and one value is configured for the first set of PRG values, the UE shall use this PRG value. 
-	If the PRB bundling size indicator signalled in DCI format 1_1 as defined in Subclause 7.3.1.2.2 of [2, TS 38.212] is set to ‘1’ and two values are configured for the first set of PRG values as (2, scheduled BW) or (4, scheduled BW), the PRG is determined based on the minimum number of contiguous scheduled PRBs as:

-	If the scheduled PRBs are contiguous and the size of the scheduled PRBs is larger than , the PRG is the same as the scheduled bandwidth, otherwise, the PRG is set to the remaining configured value of 2 or 4, respectively.
-	The UE is not expected to be configured with (2, 4).

-	If the scheduled PRBs are contiguous and the size of the scheduled PRBs is larger than , the PRG is the same as the scheduled bandwidth, otherwise, the PRG is set to the remaining configured value of 2 or 4, respectively.
< Unchanged parts are omitted >





1.6 Miscellaneous issues

There are some other issues that are raised by companies, but may be up to editor on how to reflect the corresponding agreement. 
· Explicit definition of PRG on its implication on UE channel estimation; (Intel)
· Misalignment of RRC parameters 
· prbBundling （LGE）
· pdschBundleSize (LGE)
· scheduledbandwidth(OPPO)
· Proposal 4:
· It is up to editor on how to capture above miscellaneous issues.

Issues regrading 38.211 capturing
Several companies (CATT, Samsung) reported that 38.211 capturing of PRB bundling is incorrect and suggest to refer to 38.214. 
Proposal 5: In section 7.3.1.6 of 38.211, refer to 38.214 for the corresponding PRB bundling procedures. 

	----Text Proposal for TS 38.214------------------------------------------------------------------
[bookmark: _Toc500952720]7.3.1.6	Mapping from virtual to physical resource blocks
< Unchanged parts are omitted >



The UE may assume that the same precoding in the frequency domain is used across a bundle of common resource blocks numbered  where  and the bundle size  is determined by the procedures in Subclause 5.1.2.3 of [38.214].given by the higher-layer parameter PDSCH-bundle-size if configured, otherwise by the DCI scheduling the transmission. The UE shall not make any assumption that the same precoding is used for different bundles of common resource blocks. 
[bookmark: _Hlk504463656]< Unchanged parts are omitted >




Other remaining issues
1.7 PRG partition for RMSI and other broadcast information
One of the major remaining issue to make the system work is on how to partition PRGs for RMSI. Before receiving RMSI, UE does not have information about common resource block 0 and could not partition PRG as normal PRG. Thus the following proposal is made from vivo: 
Proposal 6:
PRG for PDSCH carrying RMSI is partitioned from the lowest-numbered common resource block in the CORESET configured by the PBCH.
1.8 Extension of PRG to time domain
E/// point out that for the case of slot aggregation, there are performance gains for the UE to use DMRS of multiple slots. Thus current PRG definition could be extended to time domain. Note that there might be some RRC impact regarding such extension. The following proposal is from E///: Extend the definition of a PRG to also include the time domain across {1,2,4,8} slots.
Proposal 7: 
1.9 Alignment between PRG and RB bundles for VRB to PRB mapping
[bookmark: _GoBack]This issue is raised by MTK. If PRG and RB bundles for VRB to PRB mapping are not aligned, then consecutively scheduled VRBs would fall in different PRGs. There would be some performance loss, especially for smaller number of RB allocation. The following proposal is from MTK and also supported vivo. 
Proposal 8:
Resource block bundle for VRB-PRB mapping are partitioned according to reference point A.
1.10 Restriction on PRG size and resource block bundle size for VRB-PRB mapping
The following issue is raised by vivo. If resource bundles size is 2, then the PRBs is consecutive with granularity of 2. Indication of PRG size 4 is inappropriate, similar to what has been agreed on the restriction that if RBG size is 2, UE is not expected to be configured with PRG size 4. The following proposal is from vivo
 Proposal 10: 
When the UE is configured with resource block bundle size 2 for VRB to PRB mapping, the UE is not expected to be configured with PRG=4.

1.11 UE assisted PRB bundling
HW would also like to support UE assisted PRB bundling.
Proposal 11:


WFs
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