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1. Introduction
This contribution provides our views on CSI feedback timing requirement and remaining CSI details related to Type II CSI feedback, including encoding rules for Type II CSI, UCI-to-RE mapping, and omission rules. 

2. CSI feedback timing requirement
Until RAN1#90, the following agreements related to CSI report were reached:
Agreements:
· For aperiodic CSI-RS triggering offset X, X is fixed to zero. 
· For aperiodic CSI reporting on PUSCH, Y is indicated by DCI.
· DCI to be used for indicating the timing for PUSCH is also used to indicate Y.
· This applies to both UCI only and UCI+Data PUSCH
· The set of values is configured by higher layer
· The candidate set of values of Y is selected according to restricted conditions inferred from configuration of CSI related settings.
· The condition include at least;
· CSI parameter
· Number of CSI-RS antenna ports if PMI is included
· CSI-RS location
· Frequency granularity of CSI
· FFS: number of simultaneous CSI calculations
· FFS on mechanisms to relax CSI report timing according to number of simultaneous CSI calculations
· FFS different or same candidate Y value for the cases of UCI multiplexed with data and UCI only 

The requirement of Y is further discussed below. 
In general, we need to investigate the following factors for deciding the timing requirement Y for CSI feedback and restricted conditions: 
· Candidate CSI report type and UE complexity
· System gain
· Slot structure
· Impact on other prioritized usage of UL resource, e.g., ACK/NACK on short PUCCH, or UL data 
The most feasible slot structure supporting Y=0 may be the self-contained slot with 1-symbol PUCCH or PUSCH, which leaves the longest CSI computation time given Y=0. Considering CSI processing time and also the container size for UCI, only light CSI information is possible for a reliable CSI report; for example, the case with WB only and few CSI-RS ports may be possible for Y=0. 
The next question is what the system benefit is by adopting Y=0 instead of Y=1 or Y>1. Even if Y=0 is applied, because it is not possible to trig A-CSI for every slot, network always has to schedule UEs based on some delayed CSI reports. To overcome channel aging effect especially for high-speed scenarios, the design rationale should be to obtain at least one CSI report for every period of channel coherent time, and meanwhile the network side should process very fast within each coherent period. A fast one-shot reporting without successive fast CSI reports following up is not enough to bring performance gain. On the other hand, if one slot duration is much less than channel coherence time, the performance difference between Y=0 and Y=1 is not significant unless UE is requested to feedback CSI with fine granularity in both time domain and frequency domain. If only WB CSI feedback is considered for Y=0, such WB CSI usually exhibits longer coherent time than the coherent time of the channel for each subcarrier/subband, so the gain of Y=0 over Y=1 is not significant. Some companies also shared the view that URLLC may be one possible scenario where such Y=0 requirement is needed. However, in our view, high reliability can be still achievable by gNB’s implementation, for example, adopting a conservative MCS based on obtained CSI reports. In summary, we do not see the need of supporting Y=0 unless scenarios with sufficient system gain are identified.
[bookmark: _Ref490142838]Proposal 1: Y=0 is not supported in Rel-15 NR.

3. Type II CSI feedback
In RAN1-AH-03, the following agreements related to Type II CSI feedback were achieved: 
· For Type II, 
· CSI parameters of a Type II CSI report are not multiplexed across multiple PUSCH transmissions
· Use a two-part scheme with
· Part 1 contains RI, CQI and indication of the number of non-zero wideband amplitude coefficients per layer
· Fixed payload size used for part 1; part 2 contains remaining CSI
· Indication of the number of non-zero wideband amplitude coefficients per layer in part 1
· Separately encoded parts of a CSI report on PUSCH carrying UL-SCH have different transmission priority
· Part 1 (used to identify the number of information bits in part 2) has higher priority
· Part 1 is first included in a transmission in their entirety before part 2
· Information bits and/or channel coded bits of part 2 can only be partially transmitted
· Omit CSI parameters corresponding to at least one subbands for part 2
· TBD by RAN1#90bis: if all of part 2 can be dropped as a special case
· TBD by RAN1#90bis: specify one of the following omission rules: 
· Omitted subbands are determined based on a decimation ratio and/or a priority pattern used to order subband CSI (defined in specification) 
· Omitted subbands are determined based on the measured subband CQI included in part 1
3.1 Encoding for PUSCH-based reporting
Following the agreement that a two-part scheme would be applied, part 1 has higher priority and contains three components: RI, CQI and indication of the number of non-zero wideband amplitude coefficients per layer. There are (2L-1) wideband amplitude coefficients per layer, other than the strongest coefficient. The CQI here could be either wideband CQI or both wideband and subband CQI. Suppose we consider only WB CQI is included in part 1. Two possible alternatives could be adopted to compose part 1 CSI: 

Alt 1: 1 bit for RI, 4 bits for CQI, and bits (4 bits for RI=2 and L=4) for the number of non-zero wideband amplitude coefficients

Alt 2: Joint indication for RI and the number of non-zero wideband amplitude coefficients with bits (5 bits for L=4) and 4 bits for CQI
Regarding payload size, there is no significant difference between alt 1and alt 2.


In our view, RI is relatively important compared to the rest components in part 1. As had been mentioned by other companies, this RI information is helpful for future resource allocation of UCI and/or UL data, even if the rest information is not correctly decoded. In alternative 1, RI is a very small part in the whole payload. On the other hand, RI information is spread into  bits in Alt 2. Considering the importance of RI and the coding efficiency of RI information only, Alt 2 should be a better candidate to compose payload in part 1.
Proposal 2: Support joint indication for RI and the number of non-zero wideband amplitude coefficients in Part 1. 

Next we further consider that subband CQI is also included in Part 1. Then in either Alt 1 or Alt 2, RI-information is a small part of the whole part-1 payload. If no further encoding is applied on RI or RI-related information before joint encoding of part 1, we suggest to consider bit ordering of RM/Polar encoder to better protect RI information. For example, following Alt 2, the  bits for RI and the number of non-zero wideband amplitude coefficients are placed at most reliable input bits for Polar encoding. 
Proposal 3: Information bits carrying RI should be at most reliable input bits for Polar encoding on part 1.  

3.2 RE-mapping of UCI for PUSCH-based CSI reporting
The design for RE-mapping of UCI for PUSCH-based CSI reporting should provide both high reliability and low latency for network’s processing. Because of the dependency between part 1 and part 2 of UCI for PUSCH-based CSI reporting, to avoid error propagation, it was agreed that Part 1 (used to identify the number of information bits in part 2) has higher priority. To improve the reliability of UCI, diversity gain could be also utilized by spreading UCI encoded bits for CSI in frequency-domain and/or time-domain within scheduled PRBs. Since the gNB’s processing is sequential for part 1 and then part 2, front-loaded UCI is preferred to avoid introduce latency. In addition, with front-loaded UL DMRS, such resource allocation for part 1 and part 2 is beneficial because it is close to reference signal. Based on the considerations above, in this contribution we evaluate two possible alternatives for UCI RE-mapping by link-level simulation:
Alt 1: Follow the same RE-mapping rule for PUSCH data (frequency-first)
Alt 2: Distribute UCI encoded bits (or UCI encoded bit for part#i) (almost) uniformly to allocated PRBs within the first N symbols after DMRS symbols
For Alt 2, we apply the following RE-allocation procedure to distribute UCI on allocated nPRB PRBs and N symbols:
1. 
We need REs to carry UCI for a part of CSI reporting. Here nPRB is the number of PRBs allocated to PUSCH, and “mod” denotes the number of encoded bits a modulated symbol can carry.  
2. 

For the first N-1 symbols, the number of REs carrying UCI in one symbol is set to,. 
3. 
In the last symbol,  REs carry UCI encoded bits. 
4. Apply the steps in 4.1 and 4.2 for each symbol i.
4-1. 










 Set a step size equal to  with p equal to average number of available REs for UCI in one PRB (p=12 if we assume all 12 REs in one PRB are not occupied by reference signal or reserved for other purposes; p could be smaller than 12 if some REs are pre-allocated for other purposes, e.g., reference signal, ACK/NACK, SR, etc.), and start to allocate UCI RE to the RE indexed by, if this RE is not occupied yet, for and, where is the largest integer such that; otherwise skip the RE. If 4-1 is done, and the total number of allocated UCI REs is less than, find a smallest positive integer such that the RE indexed by is not occupied, and then re-iterate 4-1 with this new until all REs for UCI are all allocated.
Figure 1 is an example illustrating allocation pattern after applying the procedure above for CSI part1. Here we note that the size of encoded bits for either part 1 or part 2 may be relatively small compared to the total number of bits can be carried within each PUSCH symbol, especially for the case a UE is allocated with large bandwidth. In such a case with large allocated bandwidth, distributing UCI to sparse REs along frequency-domain exhibits good diversity gain.
[image: ]
Figure 1 Example of UCI allocation with N=1, nPRB=30, s=2, m=184, U1=184

In our evaluation, the payload size is assumed to be 30 bits, CRC-11 is adopted, and 20 PRBs or 50 PRBs are allocated for PUSCH. Code-rate for UCI is from 0.1 to 0.3. Following these assumptions, the density of REs carrying UCI is dUCI =  REs per PRB. For the case with code-rate = 0.1 and 50 PRBs, around 4~5 REs per PRB within one symbol is needed to carry UCI.  
[image: ]
Figure 2 Performance evaluation for UCI decoding (50PRBs, delay spread = 300ns)
[image: ]
Figure 3 Performance evaluation for UCI decoding (20PRBs, delay spread = 300ns)
[image: ]
Figure 4 Performance evaluation for UCI decoding (50PRBs, delay spread = 100ns)
[image: ]
Figure 5 Performance evaluation for UCI decoding (20PRBs, delay spread = 100ns)
Figure 2~5 show the simulation results with different settings on (nPRB, r.m.s. delay spread) = (20PRBs/50PRBs, 100ns/300ns). For part 1 of UCI for CSI, high priority is required so the target BLER should be stricter than 10-2. These figures show the diversity gain is significant under the strict BLER requirement especially when the allocated bandwidth is large. We also note that when the allocated bandwidth is small, the RE-occupation pattern would be similar for Alt 1 and Alt 2 with different RE ordering, so the performance for the two alternatives is similar. By further taking low latency requirement into account, a front-loaded approach with encoded bits spread in frequency-domain is the best way to allocate REs to UCI, at least for CP-OFDM based UL transmission.
Proposal 4: UCI encoded bits for CSI are front-loaded and mapped to distributed REs within PUSCH symbols. 
Following Alt 2, one remaining issue is how to determine the number of symbols, N, to carry UCI for CSI part i. One approach is signaling this value from network. Another possible approach is let UE and network derive this value based the amount of resource required to carry CSI reporting part i. In RAN1-AH3, the following agreement was reached:
Agreements:
· For UCI on PUSCH, support both dynamic and semi-static  indication
· FFS the applicable case(s) for dynamic vs. semi-static indications
With the 𝛽-based indication, UE knows the code-rate or how many REs will be used to carry CSI, i.e., the value m in the procedure mapping UCI encoded bits to REs. Network knows the number of REs used for part 1 since part 1 is of fixed payload size, and knows the number of REs used for part 2 after decoding part 1. Then N is the maximum number such that the sum of available REs from symbol#1 to symbol#N-1 is still less than m. 
After the allocation for CSI part 1, UE can use the remaining unoccupied REs at symbol#1, symbol#2, …, and symbol#N to carry some CSI part2 encoded bits. After that, suppose the remaining required number of REs to carry the rest of bits for CSI part 2 is m’. Then starting from symbol #N+1, we can follow the same RE-allocation procedure used for CSI part 1 with m replaced by m’. Once UE and gNB follow the same understanding on the allocation procedure, there is no need to signal the number of symbols carrying CSI report for each part. 
3.3 [bookmark: _GoBack]Omission rules for Type II CSI reporting
Here we provide our views on the FFS points in the agreement related to omission rules for the CSI reporting in part 2. As carrier aggregation is an integral part of NR design, the CSI omission rules need to be defined with that in mind. Of course that should not diminish the importance of the single component carrier case.


From dynamic signaling indicated resource, or resource determined from transmission parameters ( including PUSCH allocation and PUSCH spectrum efficiency) and semi-statistically indicated parameters (e.g.  factor in LTE),  the available payload size for UCIs is determined.


First payloads for HARQ feedback ( and SR (Scheduling Request) () are guaranteed.



Then  the available payload size for CSI is given by. Note it is also possible that  is determined/signalled independent of the resource(s) for HARQ feedback/SR.


Assume there are  CSI reports to be carried over PUSCH (e.g.  CSI reports  are requested according to gNB triggering):


for a given CSI report , :







let  be the required payload size for Part 1 in report , and  be the required payload size for Part 2 in report . And  be the required payload size for a single subband in Part-2, and the number of subbands in report  is , so 

	

When  is not enough for sending all CSI reports, two approaches can be taken:

Approach I: All CSI reports are equally affected, and the resource available for report  is given by

	


As it may happen  is insufficient to carry , complicated rules need to be defined for Approach I.
Approach II:
· In Step 1, one first fits as many as possible Part-1 reports in the current PUSCH:
· 


if  and , then the current PUSCH carries only  part-1 reports for CSI reporting.
· 

If all Part-1 reports can be sent, i.e. , then the current PUSCH carries  part-1 reports as part of the CSI reporting.
· Let 

	
· In Step 2, next one fits as many as possible Part-2 reports in the current PUSCH:
· 



if  and , then the current PUSCH carries  complete part-2 reports (for reports ) as part of CSI reporting.
· Let 

	
· 
In step 3, the subbands in Report are determined:
· 

 is the number of subbands in Part-2 in Report  which can be fit into the current PUSCH.
· 


If , next one determines what subbands for Part-2 in Report  are included in the current PUSCH; otherwise no subband for Part-2 in report  is chosen for feedback.
· Let 

	,










all the entries of a  table are initialized with “X”s. Let  ,  be the subband indices for report . First one writes the indices row-by-row as entries in the table. Next one reads the entries column-by-column from the table to obtain a list, and “X”s are removed from the list; and the first  indices in the list are the selected subbands for Part-2 reporting in report . In summary, in this case, the current PUSCH carries all  Part-1 reports, and  Part-2 reports in their completeness, and  subband part-2 reports on selected subbands for report . 
[image: ]
Figure 6 Illustration of the omisison rule


In Figure 6, it shows there are 28 subband PMIs computed for Report, but the available payload is enough to carrier subband PMIs for 12 subbands. In this case, one first obtains the list from reading column-wise from the populated table: 1,4,7,10,13,16,19,22,25,28,2,5,8,11,14,17,20,23,26,X,3,6,9,12,15,18,21,24,27,X.
Next “X”s are removed:
1,4,7,10,13,16,19,22,25,28,2,5,8,11,14,17,20,23,26,X,3,6,9,12,15,18,21,24,27,X.
Finally 12 subbands are selected: 1,4,7,10,13,16,19,22,25,28,2,5.
We have 
Proposal 5: Adopt the proposed CSI omission rules for NR.

4. Conclusion
This contribution provides our views on CSI feedback timing requirement and remaining CSI details related to Type II CSI feedback, including encoding rules for Type II CSI, UCI-to-RE mapping, and omission rules to reduce overhead. We have the following proposals:
Proposal 1: Y=0 is not supported in Rel-15 NR.
Proposal 2: Support joint indication for RI and the number of non-zero wideband amplitude coefficients in Part 1. 
Proposal 3: Information bits carrying RI should be at most reliable input bits for Polar encoding on part 1. 
Proposal 4: UCI encoded bits for CSI are front-loaded and mapped to distributed REs within PUSCH symbols. 
Proposal 5: Adopt the proposed CSI omission rules for NR.
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