3GPP TSG RAN WG1 Meeting NR #3                                                                      R1-1715439
Nagoya, Japan, 18th - 21st, September 2017
Source: 	ZTE, Sanechips
Title:	Remaining details on CSI reporting
[bookmark: Source]Agenda Item:	6.2.2.2
Document for: 	Discussion and Decision
1. Introduction
[bookmark: _GoBack]In RAN1#90, the following agreement is achieved on Type I and Type II CSI report in PUCCH/PUSCH [1].
Agreement:
· R1-1715288 is agreed
· Note: the ordering of UCI bits is to be decided by channel coding session
In this contribution, we discuss further detailed design aspects on Type I and Type II CSI report on PUCCH/PUSCH.
2. Physical channels used for CSI reporting
For aperiodic/semi-persistent/periodic CSI reporting, the following remaining issues need to be addressed. 
Physical channels used for SP CSI
For SP CSI, three options can be identified, i.e., short PUCCH, long PUCCH and PUSCH. For SP CSI, activation/deactivation is signaled to UE to initial and terminate CSI reporting in periodic manner. As a matter of fact, involved periodic CSI report setting parameters are RRC configured. Hence using PUCCH resources is more reasonable than using PUSCH as PUCCH resources are configured via higher layer parameter, and there is no restriction is introduced to UE’s PUSCH scheduling. Then whether to use long PUCCH or short PUCCH should depend on gNB’s configuration. Then gNB has the flexibility to configure PUCCH resources based on some long-term information, e.g., codebook parameters, WB/SB report setting, previous RI/CRI feedback and so on.
SP CSI report for Type II
As CSI report overhead for SP CSI is controlled by gNB’s activation/deactivation signaling, and long PUCCH can provide container with sufficient size, it’s possible to transmit SP Type II CSI in long PUCCH. Moreover, Type II brings large gain over Type I through high-resolution CSI. If part or whole Type II is reported semi-persistently, SP Type II CSI can provide relatively accurate CSI without causing DCI overhead for triggering. Specifically, to support SP Type II CSI, one approach is that partial WB Type II CSI is reported in PUCCH. For example, WB relative power is reported semi-persistently, and SB phase is reported in PUSCH aperiodically. In this approach, gNB can WB information to maintain the link with a relative high quality, whereas SB phase can be triggered to further enhance performance. If gNB only demands WB Type II CSI, DCI overhead for triggering PUSCH reporting is saved. Also, a large CSI report is divided into two channels, so transmission performance for Type II CSI is improved.
Proposal 1: NR supports SP CSI report configured on short or long PUCCH
· At least WB Type II CSI can be reported in long PUCCH for SP CSI
3. PUCCH CSI reporting
It has been agreed that Type I CSI is supported in PUCCH with one slot reporting. Table I summarizes Type I PMI overhead for different ranks and 32 port with (4,4,4,4). As observed from Table I, different RI values cause different PMI payload. Moreover, as rank1-4 supports 1 codeword, and rank5-8 supports 2 codewords, CQI payload also depends on RI. This payload ambiguity is not known by gNB until RI is decoded. For determining CSI encoding and resource mapping schemes on PUCCH, payload size ambiguity for different RI values needs to be taken into account.
Table I  Type I PMI overhead for different ranks
	RI
	WB(bit)
	Per SB(bit)
	Total(bit)

	1
	8
	4
	48

	2
	9
	3
	39

	3~4
	9
	1
	19

	5~6
	8
	1
	18

	7~8
	8
	1
	18


Short PUCCH
For short PUCCH, the following two alternatives have been proposed.
Alt. 1: RI/CRI/PMI/CQI jointly encoded
Alt. 1B: RI/CRI/PMI/CQI with padding bits prior to encoding 
Although PMI/CQI payload depends on RI, impact on short PUCCH, where only WB CSI is transmitted, is very low. Hence one approach to use Alt.1 is that CQI is always coded assuming that the configured maximum number of codewords are used. PMI can also be coded assuming maximum WB bits, e.g., 9 bits for rank 2-4. Further, gNB can configure proper CSR to UE to ensure numbers of unrestricted PMIs are same for different ranks. UE encodes PMI by adjusting payload size to CSR. Then payload size of PMI keeps unchanged for different ranks. Further, NR has already supported some use cases omitting partial CSI. For example, PMI is not reported for non-PMI feedback in reciprocity based CSI. It requires further study that how this joint coding on full CSI applies to partial CSI feedback.
Another possible approach for Alt. 1 is to put RI/CRI in certain locations. Then gNB can decoding these locations with smallest CSI size. After decoding these bits, RI/CRI is realized by gNB and the real paylaod size is also know. Following this approach, gNB does not need to do blind detection and not resource is consumed for extra padding bits. However, the performance of using this approach needs to be justified.
For Alt. 1B, a list of padding bits, e.g., a sequence of zeros, is added to the CSI before channel coding. The number of padding bits depends on RI values. Then the real payload size or code rate of jointly coded CSI is fixed. This would simplify gNB’s detection on the CSI packet. However, using padding bits reduces real code rate and resource utilization efficiency. Hence we prefer Alt. 1 for short PUCCH CSI reporting.
Proposal 2: NR supports Alt.1 (RI/CRI/PMI/CQI jointly encoded) for short PUCCH CSI reporting
· Payload size of CQI follows the configured maximum number of codewords
· Payload size of PMI is adjusted to CSR
· FFS how joint coding of CSI applies on partial CSI feedback, e.g., non-PMI feedback
Long PUCCH
For long PUCCH CSI reporting, the following two alternatives have been proposed. 
Alt. 1: RI/CRI/PMI/CQI with padding bits prior to encoding
Alt. 2: RI/CRI encoded separately from PMI/CQI
Similarly as Alt.1B in short PUCCH, Alt.1 in long PUCCH maintains a fixed payload size or code rate to simplify gNB’s detection on CSI packet. 
SB CSI can be transmitted in long PUCCH for SP CSI. Long PUCCH consumes larger uplink resources, and has more potential to further optimize the resource utilization or transmission performance of CSI components. Alt. 2 takes advantage of this potential. 
One potential solution is to define relationship between RI value and number of used resources or code rate in PUCCH. For example, UE decides the number of used resources for CSI reporting in configured PUCCH resources based on RI calculation. gNB would know number of used resources based on detection of RI and the defined relationship, as shown in Fig. 1. In this example, long-duration PUCCH containing 6 OFDM symbols to transmit Type I CSI is depicted. The first symbol(s) carries RI/CRI. The remaining symbols are potentially used for PMI/CQI transmission. The RI value determines number of used resources. For example, if RI=1, three symbols are used for PMI/CQI transmission. Two symbols are saved. Otherwise if RI=5, all the remaining five symbols are used for PMI/CQI transmission. gNB can know the number of used symbols upon detecting RI. The saved resource can be used for PUSCH if PUSCH and PUCCH can be transmitted in the same slot. If there is no PUSCH, the saved resource can be potentially used for SR or ACK/NACK transmission. The worst case is the saved resource is empty. In this case, at least UL interference is reduced and UE power can be saved. Another example is to let RI decides the code rate of PMI/CQI. Then if RI is low, a lower code rate of PMI/CQI can be used to improve the transmission reliability of PMI/CQI. 
Compared with Alt.1, Alt 2 can be used to optimize resource utilization and transmission performance of CSI feedback. Even from UE complexity point of view, gNB does not need to do any blind detection as the payload size of PMI/CQI can be derived after decoding the fixed region used for RI/CRI. Therefore, Alt. 2 is preferred.


Fig. 1 CSI report on long-duration PUCCH
Proposal 3: For NR long PUCCH CSI reporting, support Alt. 2, i.e., RI/CRI is encoded separately with PMI/CQI
· Number of resources or code rate used for PMI/CQI reporting depends on RI value
4. PUSCH CSI reporting
Both Type I and Type II CSI can be reported on PUSCH. The remaining issues on PUSCH reporting include Type II CSI report design and resource mapping and coding scheme for PUSCH.
Type II SB report
Table II Type II PMI overhead for different ranks
	RI
	WB(bit)
	Per SB(bit)
	Total(bit)

	1
	39
	24
	279

	2
	63
	48
	543


For Type II report design, one issue is how SB Type II is reported. Table II lists an example of Type II PMI overhead for different ranks, 10 sub-bands and 32 port with (4,4,4,4). It can be observed that current Type II costs more than 500 bits. This is extremely difficult to be implemented in Phase 1. Hence overhead reduction for Type II SB CSI is necessary. In our companion contribution [2], we propose an approach to report SB phase in partial SBs of the configured CSI report band. The partial SBs can be configured bu gNB with a comb pattern as shown in Fig. 2. Based on our evaluations given in [2], comb based partial SB reporting helps to reduce hundreds of CSI bits with very small performance loss. Another option to support partial SB phase reporting is UE-selected SB reporting similar as mode 2-2 in LTE. Hence we have the following proposal.
Proposal 4: Partial SB phase feedback is supported for NR Type II CSI. For M-SB selection among K>M CSI reporting SBs, support at least one of the following options
· Option 1: M SBs are selected based on defined pattern
· E.g., comb pattern
· Option 2: UE selects best M SBs


Fig.2 Comb pattern for partial SB phase reporting
Resource mapping and coding for PUSCH report
In last meeting, two parts are supported for Type I PUSCH reporting, where Part 1 includes RI/CRI and CQI for the 1st codeword, and Part 2 includes PMI and CQI for the 2nd codeword. Then information of Part 2 depends on Part 1.
Two alternatives for Type II report format have been proposed as follows.
Alt. 1: A CSI report contains three parts. Part 1: RI and CQI; Part 2: wideband RPI; Part 3: other PMI components.
Alt. 2: A CSI report contains two parts. Details FFS.
It can be observed in Table II that PMI overhead relies a lot on RI values. Moreover, as zero is one of the candidate values for WB amplitude, and it’s not useful to report SB amplitude and phase if WB amplitude is zero, it is agreed that SB amplitude and phase are not reported when WB amplitude is zero. Total payload size of PMI also depends on WB amplitude values. Hence in Alt.1, Part 2 depends on Part 1, and Part 3 depends on Part 1 and 2. For Alt.2, it is unclear how 2 parts work now, but the rule that information of Part 2 depends on Part 1 is also expected to be applied.  
Based on the above analysis, it can be observed that information of Part n depends to Part 1 to n-1. gNB can understand the information in Part n only when Part 1 to n-1 are decoded correctly. Hence different parts should be encoded independently, where CSI in one part can be encoded jointly. Moreover, the priority of Part 1 to n-1 should be higher than Part n.
As CSI information is important to improve data transmission performance, it needs to be protected more than regular data. Similarly as LTE, CSI should be mapped to PUSCH resources around DMRS REs. 
For PUSCH with DFT-s-OFDM, as data can not be FDMed with DMRS, CSI should be mapped to adjacent symbols near DMRS. Moreover, as different parts have different priority, Part i is mapped to PUSCH resources closer to DMRS symbols than Part j for i<j, since Part i has higher priority than Part j as analyzed above. An example is shown in Fig. 3. In Fig. 3(a), only one DMRS symbol set, i.e., front-loaded DMRS, is configured. In this case, time gap between Part i and DMRS symbol should be smaller that time gap between Part j and DMRS symbol, if i<j. Similarly, in Fig.3(b), two DMRS symbol sets are configured. Then the smallest time gap between Part i and two DMRS symbol sets should be smaller than or equal to the smallest time gap between Part j and DMRS symbol sets. By doing this, we can guarantee that transmission performance of Part i is better than Part j.
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Fig. 3 Examples of CSI parameter mapping to PUSCH resource
The same principle can be applied for CP-OFDM. For CP-OFDM based PUSCH, data and DMRS can be FDMed. Hence CSI should be mapped to the PUSCH resource starting from the OFDM symbols with DMRS to neighboring available symbols near DMRS, and Part i is mapped to PUSCH resources closer to DMRS symbols than Part j, if i<j. Besides this rule, if N parts are supported, the resource mapping order can be layer to frequency to time for Part 1 to N as shown in Fig. 3(c), which is same as the agreed resource mapping rule as data. This would simplify the resource mapping and decoding procedure of CSI in PUSCH.
Proposal 5: In each PUSCH CSI reporting, CSI is mapped to PUSCH resources around DMRS REs
· CSI Part i is mapped to PUSCH resources closer to DMRS symbols than Part j, if i<j
· CSI parameters in one part are jointly coded, and different Parts are encoded independently
5. Codebook subset restriction
CSR for Type II
For LTE legacy codebook, codebook subset restriction (CSR) is an important feature to reduce inter-cell interference and avoid network’s undesirable beam direction. In Rel-13, a beam-based bitmap is introduced for CSR configuration to replace the codeword-based bitmap as the number of codewords in Rel-13 codebook increases a lot. For linear combination codebook, CSR issue hasn’t been addressed even in LTE Rel-14 advanced CSI. 
As PMI overhead of NR Type II CSI can be hundreds of bits, using codeword based CSR bitmap is not realistic. Then using beam based bitmap configuration should be supported. 
The next question is how to define proper UE behavior if different CSI components in Type II are restricted. Two different types of beams are reported in Type II. Leading beam indicates the strongest beam to be combined, and the remaining beams in the combined beam group are denoted as weaker beams. 
During PMI calculation, if the searched leading beam is restricted by CSR, UE does not report this beam. UE can use the strongest beam which is not constrained as the leading beam. If the weaker beam is constrained by gNB, two options can be identified.
Option 1: UE does not report the restricted weaker beam
Option 2: UE reports the restricted weaker beam and set the associated relative power as 0
Take Fig. 2 as an example for the above two options. In Fig.4, a 3-beam combination is assumed. If no CSR is configured, beams {1, 2, 3} are selected as lead beam and weaker beams. 


Fig. 4 CSR for Type II CSI
If Option 1 is adopted, beam 3 is not reported. Then two sub-options can be identified. The first one is UE just report beams {1,2} and associated power and phase for combination. An alternative approach is that UE selects an unconstrained orthogonal beam, saying beam 4, for reporting. Then the reported combination is beam {1, 2, 4} and associated coefficients. 
If Option 2 is adopted, beams {1, 2, 3} are reported. Coefficients of beams {1, 2} are reported as normal, whereas the reported power of beam 3 is 0.
For Option 1, if beams {1,2,4} are reported, the performance cannot be ensured since the power of beam 4 can be much lower than beam {1,2}, which is harmful for the performance of linear combination. If the reported beams are {1,2}, same performance can be achieved as Option 2. However, Option 2 provides more information to gNB including beam 3 and associated phase. As impact of inter-cell interference can change quite dynamically and CSR is configured semi-statically, Option 2 gives gNB more flexibility to decide whether to use beam 3 or not. Therefore, Option 2 is preferred.
Proposal 6: For NR Type II CSR, support beam based bitmap configuration
· If leading beam is restricted by CSR, UE does not report this beam as leading beam
· If weaker beam is restricted by CSR, UE reports the restricted weaker beam and set the associated relative power as 0
Impact on payload size
CSR is typically used to reduce inter-cell interference by restricting certain beam directions. As CSR is typically RRC configured, using it to reduce CSI overhead is available and beneficial. Moreover, as we discuss in previous section, if PMI payload size can be adjusted to CSR, unchanged PMI paylaod size for different ranks can be ensured via independent CSR configuration for different ranks. This would simplify CSI design for short PUCCH, where CSI parameters are jointly encoded in one packet.  
Type II combines a set of orthogonal beams linear with relative power and phase. Hence CSR should also be supported in Type II at least to reduce inter-cell interference. Then we can adjust CSI overhead according to CSR. By doing this, it is obvious that WB beam feedback overhead is reduced. Further, when the leading beam is restricted, overhead used for the entire beam group can be reduced. When the weaker beams are restricted, we can simply set the WB power to 0. Then the CSI overhead of SB power and phase associated with these beams can be saved. Therefore, significant overhead reduction can be expected.
Proposal 7: NR supports adjusting CSI overhead according to CSR for both Type I and Type II
6. Conclusions
In this contribution, we discuss the detailed design of Type I and Type II CSI report on PUCCH/PUSCH. Based on the discussion, we have the following proposals.
Proposal 1: NR supports SP CSI report configured on short or long PUCCH
· At least WB Type II CSI can be reported in long PUCCH for SP CSI
Proposal 2: NR supports Alt.1 (RI/CRI/PMI/CQI jointly encoded) for short PUCCH CSI reporting.
· Payload size of CQI follows the configured maximum number of codewords
· Payload size of PMI is adjusted to CSR
· FFS how joint coding of CSI applies on partial CSI feedback, e.g., non-PMI feedback
Proposal 3: For NR long PUCCH CSI reporting, support Alt. 2, i.e., RI/CRI is encoded separately with PMI/CQI
· Number of resources or code rate used for PMI/CQI reporting depends on RI value
Proposal 4: Partial SB phase feedback is supported for NR Type II CSI. For M-SB selection among K>M CSI reporting SBs, support at least one of the following options
· Option 1: M SBs are selected based on defined pattern
· E.g., comb pattern
· Option 2: UE selects best M SBs
Proposal 5: In each PUSCH CSI reporting, CSI is mapped to PUSCH resources around DMRS REs
· CSI Part i is mapped to PUSCH resources closer to DMRS symbols than Part j, if i<j
· CSI parameters in one part are jointly coded, and different Parts are encoded independently
Proposal 6: For NR Type II CSR, support beam based bitmap configuration
· If leading beam is restricted by CSR, UE does not report this beam as leading beam
· If weaker beam is restricted by CSR, UE reports the restricted weaker beam and set the associated relative power as 0
Proposal 7: NR supports adjusting CSI overhead according to CSR for both Type I and Type II
7. References 
[1] Chairman’s notes, 3GPP RAN1#90
[2] R1-1715456, Overhead reduction for Type II CSI, ZTE, Sanechips
oleObject2.bin
SB 0: N RBs


SB 2: N RBs


SB 4: N RBs


SB 6: N RBs 


Comb =2



image3.png
[PDCCH RS [ Jpusct [P
Part 1 Part 2

3 4 5 6 7 8 10 11 12 13 14





image4.png
E

[PDCCH
Part 1

:DMRS [ Jpusct [P
Part 2

12

13

14

3 4 5 6 T 8 9 10





image5.png
lPDCCH ours [ JpuscH [P

Part 1 Part 2

12 3 4 5 6 7 8 9 10 11 12 13 14





image6.emf
3

1 2

Restricted 

beam

Weaker 

beam

Leading 

beam

4


oleObject3.bin
3


4


1


2


Restricted beam


Weaker beam


Leading beam



image1.emf
RI

Used 

resources

Saved 

resources

PMI/CQI


oleObject1.bin
RI


Used resources


Saved resources


PMI/CQI



image2.emf
SB 0: N RBs

SB 2: N RBs

SB 4: N RBs

SB 6: N RBs 

Comb 

=2


