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1. [bookmark: _Toc474161164][bookmark: _Toc494739923][bookmark: _Toc495273190]Introduction
A number of issues are identified in TS 38.211 and TS 38.214 concerning transmit chain. We provide proposals to address the identified issues.


2. Issues in specifications concerning the NR transmit chain 

In TS 38.211 and TS 38.214, the following Tx chain is specified for DL CP-OFDM, UL DFT-S-OFDM and CP-OFDM:



Figure 1 The current Tx chain as in NR specifications

In NR, two resource allocation types are defined:
Resource allocation type 0 (RAT 0): PRBs are divided into groups of contiguous PRBs (RBG), the addressable unit is a RBG from resource allocation’s point of view;
Resource allocation type 1 (RAT 1): there are two flavours of RAT 1: 
· Non-interleaved: VRB to PRB mapping is in order;
· Interleaved: a block interleaver is used to shuffle PRB bundles to create frequency diversity for a codeblock’s transmission.


Issue 1a: PAPR due to non-contiguous RBGs
This issue can be first explained by one example: with a RBG size at 2 RBs, a bitmap [1000…0001] for resource allocation type 0 requires a UE to transmit over 4 PRBs at the edge of a BWP, the resulted waveform’s PAPR can be high and the intermodulation issue can be severe, hence non-contiguous RBGs allocation is not suitable for DFT-S-OFDM in NR.

From Rel-10 LTE, and Rel-14 LTE, 2-cluster PUSCH and interlaced PUSCH have been supported, one might be tempted to cite that as a precedence. Note the DCI design for both cases allows efficient signaling of resource allocation for PUSCH, RAT 0’s signaling design in NR has not been optimized for that. Considering NR unlicensed most likely will be specified, it is advantageous to leave a clean slate for optimized NR unlicensed design rather than require the forthcoming NR unlicensed to accommodate an inefficient precedence. 
When contiguous RBGs are used for DFT-S-OFDM, the length of PRBs in the allocation should have factors from {2,3,5} only to retain the same complexity for DFT spread.
We have
Proposal 1: DFT-S-OFDM is not supported with non-contiguous RBGs with RAT 0 in Rel-15. When contiguous RBGs are used for DFT-O-OFDM, the total number of PRBs in the allocation has factor(s) from {2,3,5} only.
Proposal 2: non-contiguous RBG allocation is an optional feature for CP-OFDM uplink in Rel-15.

Issue 1b: PAPR due to interleaved VRB-PRB mapping
When DFT-S-OFDM is used in uplink, as step 6 comes after step 4, when interleaved VRB-PRB mapping for RAT 1 or non-contiguous RBGs with RAT 0 is used, the PAPR of the resulted signal’s waveform can be large. 

We have 
Proposal 3: DFT-S-OFDM is not supported with interleaved VRB-PRB mapping with RAT 1 in Rel-15.
Proposal 4: interleaved VRB-PRB allocation with RAT 1 is an optional feature for CP-OFDM uplink in Rel-15.

 
Issue 2: the order of spatial precoding and VRB-PRB mapping
In step 5, to apply the appropriate precoders, which can be different for different PRBs, to the incoming signal, the PRB indices correspond to those precoders must already be known, and the precoding operation is best conducted over subbands with physical meaning. Yet in step 6, the operation of VRB-PRB mapping suggests that is not the case, actually the incoming signal for Step 6 is in a logical domain. Such an examination suggests Step 6 as in the current NR specification needs to be moved to somewhere prior to the current Step 5.The following Tx chain is suggested.



Figure 2 Proposed Tx chain

In the suggested Tx chain, frequency hopping can be handled in Step G (mapper 2), and VRB-PRB mapping is moved to Step D.

We have
Proposal 5: The Tx chain specification in TS 38.211 is adjusted according to Figure 2, i.e. the VRB-PRB mapping is performed after codeword layer mapping.
 


3. Issues in resource allocation and layer mapping

Issue 3: misalignment between PRG and resource allocation
In NR, there are several definitions of aggregation of resource blocks relevant for UE receiver design and CSI feedback:
· RBG (Resource Block Group) in RAT 0 (Resource allocation type 0), its definition is referenced to the lowest PRB in a bandwidth part (BWP);
· PRB bundle (PRBD) in RAT 1, its definition is referenced to the size of a BWP (the number of PRBs in the BWP);
· PRG (Precoding Resource Block Group) for both RATs, its definition is referenced to the so-called Reference Point A
· In CSI acquisition, subbands, which are aggregated PRBs for subband-CSI reporting, are used. So far it is not clear what reference is used in the definition of subbands for CSI acquisition.


From relevant agreements for BWP, the configuration of BWP is flexible: the starting PRB and bandwidth of the BWP has a granularity of 1 PRB: 
From RAN1 #90bis
Under 7.3.4.1 (other aspects on bandwidth parts)
Agreements:
· A DL (or UL) BWP is configured to a UE by resource allocation Type 1 with granularity as follows
· Granularity of starting frequency location: 1 PRB
· Granularity of bandwidth size: 1 PRB
· Note: The above granularity doesn’t imply that a UE shall adapt its RF channel bandwidth accordingly

Agreements:
· A UE is RRC signaled an offset between PRB 0 for common PRB indexing and a reference location 
· For DL in Pcell, the reference location is the lowest PRB of the cell-defining SSB
· For UL in Pcell of paired spectrum, the reference location is the frequency location of the UL indicated in the RMSI
· For Scell, the reference location is the frequency location indicated in the SCell configuration
· For SUL, the reference location is the frequency location indicated in the SUL configuration 
· Note: For UL of unpaired spectrum, the reference location is the same with the DL of the unpaired spectrum.
· Note: the PRB 0 is intended for scrambling initialization, reference point for BWP configuration, etc.
· The range of offset values should be >276*4, with the detailed values FFS

It may happen under some configuration of a BWP, PRG and RBG/PRB bundle in RAT 1 are misaligned, which prevents a UE receiver to exploit correlated channel conditions on adjacent PRBs (i.e. utilizing PRB bundles in channel estimation), and inferior channel estimation performance is resulted consequently. Some examples provided in Figure 10.


Observation: misalignment between PRG and resource allocation can occur in both RAT 0 and RAT 1.


3.1. Alignment of PRG resource allocation with RAT 0


We propose to address the misalignment issue with RAT 0 through modifying the reference point for RBG definition from the lowest PRB in a BWP to the common PRB 0 reference as used by PRG.

And we have the following proposal for RAT 0:
------------------------------------------------------------------------------------------------------------------------------------------------



Let .




The total number of RBGs () for a downlink carrier bandwidth part of size PRBs is given by  where the first RBG is of size  .





if  then the last RBG is of size  and the RBGs between the first RBG and the last RBG is of size  P; otherwise the  RBGs after the first RBG is of size  P. 


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 starting at the lowest frequency of the carrier bandwidth part. The order of RBG bitmap is such that RBG 0 to RBG are mapped from MSB to LSB. The RBG is allocated to the UE if the corresponding bit value in the bitmap is 1, the RBG is not allocated to the UE otherwise.



3.2. Alignment of PRG resource allocation with RAT 1

The description on VRB-PRB mapping is given in TS 38.211 and is copied below:


For non-interleaved VRB-to-PRB mapping, virtual resource block   is mapped to physical resource block .
For interleaved VRB-to-PRB mapping, the mapping process is defined in terms of resource block bundles:



-	Resource block bundle  is defined as resource blocks  where  is the bundle size provided by the higher-layer parameter VRB-to-PRB-interleaver


-	Virtual resource block bundle  is mapped to physical resource block bundle   where 



	with  representing the size of the carrier bandwidth part in which the PDSCH is transmitted.



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 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.


With the block interleaver in TS 38.214, VRB-PRB interleaving is handled correctly for the case where the PRB-VRB bundle size divides the number of PRBs in a BWP. 

[image: ]
Figure 4 VRB-PRB interleaving over BWP at 24 PRBs with a PRB-VRB bundle size at 2.

However, when the PRB-VRB bundle size does not divide the number PRBs in a BWP evenly, the current block intereleaver does not provide a valid interleaver. One example for this case is illustrated below.

[image: ]
Figure 5 BWP at 21 PRBs, VRB-PRB bundle size = 2.

We propose to retain the overall current block interleaver design and modify it properly so it can handle any BWP size.
[image: ]
Figure 6 Block interleaver for BWP=21 PRBs and VRB-PRB bundle size = 2.

[image: ]
Figure 7 Block interleaver for BWP=23 PRBs and VRB-PRB bundle size = 2.

When the starting PRB in a BWP is not aligned with a PRG, a block interleaver as follows is used.
[image: ]
Figure 8 The starting PRB in a BWP with 20 PRBs is not aligned with a PRG,  VRB-PRB bundle size = 2.

[image: ] 
Figure 9 The starting PRB in a BWP with 22 PRBs is not aligned with a PRG,  VRB-PRB bundle size = 2.

We have the following text proposal for VRB-PRB mapping for RAT 1:
/************************ Start of Text Proposal **************************/


 Let , .



If alignment between PRB bundle and PRG is not used, then set the value of to 0: i.e. .


Let     ,

         ,

          ,

          .

         



Virtual resource block , is mapped to physical resource block  where 

, 



and ,

.




Virtual resource block  for  if any, is mapped to physical resource block.

/************************ End of Text Proposal **************************/
If description with VRB bundle and PRB bundle is still preferred for VRB-PRB mapping, we also have the following text proposal:
/************************ Start of Text Proposal **************************/


 Let , .



If alignment between PRB bundle and PRG is not used (i.e. for PUSCH), then set the value of to 0: i.e. .


Let    

         

         ,

          ,

          .

VRB bundle 0 consists of VRBs 0 to  , 
PRB bundle 0 consists of PRBs 0 to  .

For  
              VRB bundle  consists of VRBs  to :  ,
              PRB bundle  consists of PRBs  to :  .
end



Virtual resource block bundle,  is mapped to physical resource block bundle   where 

                          
If , 		                  

                  VRB bundle  consists of VRBs  to :  ,
                  PRB bundle  consists of PRBs  to : 
                 VRB bundle  is mapped to PRB bundle 
end

/************************ End of Text Proposal **************************/


In Figure 10, we provide examples for proposed changes in Sections 3.1 and 3.2.

[image: ]
Figure 10 Example of proposed changes
[bookmark: _GoBack]From the above, we have
Proposal 6: RBG and PRB bundle for VRB-PRB mapping are defined according to reference point A.
Proposal 7: VRB-PRB mapping is modified according to the text proposal provided above.

4. Conclusion
In this contribution, we examine a few issues identified on the Tx chain captured in the current NR specifications. We have 

Proposal 1: DFT-S-OFDM is not supported with non-contiguous RBGs with RAT 0 in Rel-15. When contiguous RBGs are used for DFT-O-OFDM, the total number of PRBs in the allocation has factor(s) from {2,3,5} only.
Proposal 2: non-contiguous RBG allocation is an optional feature for CP-OFDM uplink in Rel-15.
Proposal 3: DFT-S-OFDM is not supported with interleaved VRB-PRB mapping with RAT 1 in Rel-15.
Proposal 4: interleaved VRB-PRB allocation with RAT 1 is an optional feature for CP-OFDM uplink in Rel-15.
Proposal 5: The Tx chain specification in TS 38.211 is adjusted according to Figure 2, i.e. the VRB-PRB mapping is performed after codeword layer mapping.

Observation: misalignment between PRG and resource allocation can occur in both RAT 0 and RAT 1.
Proposal 6: RBG and PRB bundle for VRB-PRB mapping are defined according to reference point A.
Proposal 7: VRB-PRB mapping is modified according to the text proposal provided above.
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