[bookmark: _Hlk489988649]3GPP TSG-RAN WG1 #91	R1-1720734
Reno, USA, November 27th – December 1st, 2017

Source:	Ericsson
Title:	On remaining details of CSI reporting
Agenda Item:	7.2.2.2
Document for:	Discussion and Decision


Introduction
In RAN1 #90bis, a number of agreements were made regarding CSI reporting. However, there are still a number of open issues left, which we discuss in this contribution.
Remaining details of CSI omission
In RAN1#90bis, the priority rule for omission of information bits of Part 2 CSI report on PUSCH was agreed:
Agreement:
For NR CSI reporting on PUSCH, Part 2 information bits of partial subbands can be omitted.  
· Support the following priority rule to omit partial Part 2, where the priority level goes from high to low from Box #0 to Box #2N, and the omission granularity is one box in the following picture
· N is the number of CSI reports in one slot
· The CSI report numbers correspond to the order in the CSI report configuration
[image: ]
· Down-select one of the following Alts for CQI calculation in RAN1#91
· Alt 1: Subband CQI for each omitted subband is calculated assuming PMI in the nearest subband(s) with Part 2 reporting
· Alt 2: Subband CQI for each omitted subband is calculated assuming PMI in this subband

The remaining issue is if subband CQI, which is contained in CSI Part 2, should be calculated conditioned on if the corresponding subband PMI in CSI Part 2 is omitted or not. In our view, this unnecessarily complicates the specification and corresponding UE behavior. The CSI omission mechanism was introduced to define the behavior and mitigate the CSI impairment when the PUSCH resource allocation for CSI report is too small to fit the UCI payload. This can happen for Type II CSI reporting when the gNB allocates PUSCH RA for CSI report assuming UE selects rank-1, but it actually selects rank-2. By ensuring the CSI Part 1 and the WB PMI comprised in CSI Part 2 has higher priority over SB PMI, for all CSI reports, the RI and number of non-zero WB amplitude coefficients can be received by the gNB which may then allocate large PUSCH resource for the subsequent CSI report. 
As RA error only happens when the UE transitions from lower to higher rank, which is typically done on a rather slow basis, the RA error will be infrequent. Thus, an optimization of the CQI determination procedure for this case seems unwarranted. 
[bookmark: _Toc498726064]CSI omission procedure will likely have to be invoked rather infrequently for proper gNB implementations
The motivation for Alt 1 is that if the CQI for a subband where the subband PMI has been omitted is calculated conditioned on the omitted PMI, that CQI is useless for the gNB as it does not know what precoding was used to calculate the CQI. By calculating the CQI based on the neighbor subbands PMI, the CQI could more accurately reflect the precoding that will be used on that subband by the gNB. However, this makes an assumption in the specification on how the gNB may choose to precode on the “omitted subbands”, which is generally not know. The gNB could for instance use the PMI of the adjacent subband with either higher or lower subband index, or more likely, performs some interpolation of the PMI across the subbands. However, there are many ways to perform such interpolation, and different methods may result in different SINRs. It is therefore not clear that defining a CQI determination rule in specification for omitted subbands for a certain assumption on precoding can bring any benefit. Thus, Alt 2 is preferred.
[bookmark: _Toc498726095]For PUSCH CSI reports where partial subband PMI have been omitted, subband CQI is determined according to existing procedure

Remaining details on CBSR
In RAN1#90bis, codebook subset restriction details for Type I codebook was finalized, except for a remining FFS point on inter-group co-phasing restriction:
Agreement:
· For Type I SP, rank 3-4 codebooks for 16, 24, and 32 ports
Use single bitfield to determine restricted  depending on restricted 
 is restricted if at least one of  is restricted
FFS: Introduction of inter-group co-phasing restriction

The inter-group co-phasing fine-tunes the beam direction given by the selected  and it does not impact the main beam direction significantly. We thus see no need for introducing a CBSR for the co-phasing parameter, as there seems to be no practical use case.
[bookmark: _Toc498726096]No additional CBSR for inter-group co-phasing parameters is introduced

CSI reports in scenarios with dynamically changing BWPs
It has been agreed that the active BWP can be dynamically selected from a set of candidate BWPs with a DCI message. It had further been agreed that the subband sizes, and thus the definition of the CSI reporting band, depends on the BW of the active BWP. Thus, a CSI report setting may be seen as associated with a certain BWP. When a CSI report is aperiodically triggered, it can be assumed that it corresponds to the currently active BWP. However, there are some open issues on how CSI reporting and triggering should work when active BWP can dynamically switch. This was discussed briefly in RAN1#90bis, resulting in the following conclusion:
Conclusion #1:
Continue discussion in RAN1#91 on the following:
· BWP for which CSI is reported is determined by the active BWP in the time location of the CSI reference resource
In our understanding, this discussion relates to how BWP-specific CSI-related configuration is done, which should be clarified first. We consider two possible alternatives:
· Alt 1: Separate independent instances of CSI report settings are configured for each candidate BWP, each mapping to independent Resource Settings
· Alt 2: The same CSI report settings used for all candidate BWPs, but with separate instances of CSI reporting band definitions and separate mapping to independent Resource Settings that are BWP-specific
Alt 1 is more similar to the behavior with CA, and may be a cleaner solution than Alt 2. With Alt 1, parallel CSI report settings are used for the different BWPs, implying that a change in BWP will change both what periodic and semi-persistent CSI reports are active, as well as what aperiodic CSI reports can be triggered. Which instances of CSI report settings are used could be determine by the slot wherein the BWP transition occurs. If the time location of the CSI reference resource for a recently activated BWP occurred before the BWP transition slot, the CSI report may be dropped.
[bookmark: _Toc498726097]Support BWP-specific CSI configurations where separate independent instances of CSI report settings are configured for each candidate BWP, each mapping to independent Resource Settings
Another issue is if it should be possible to request a CSI report for a non-activated BWP, for instance in order to probe the channel quality in one of the candidate BWPs. Here, we have two cases:
1. The active BWP and non-active BWP span different PRBs 
2. The active BWP spans a subset of PRBs of the non-active BWP. For instance, when the UE monitors PDCCH on a narrow BWP to conserve power but is expected to be scheduled on a wider BWP
Supporting the first case will likely complicate CSI framework design since as cross-BWP triggering of CSI reports where the UE needs to frequency re-tune when switching BWPs needs to be specified. To support this, a measurement gap needs to be introduced since the CSI-RS on another candidate BWP needs to be measured. While measurement gaps are used for inter-frequency L3 measurement in LTE, it is unheard of for L1 measurements. The feasibility and benefit of such cross-BWP CSI measurements and reporting thus require further study and it is unlikely that this can be finalized for NR Phase 1A.
[bookmark: _Toc498726098]Do not reporting CSI corresponding to a non-active BWP if the active and non-active BWPs span different PRBs
However, for the second case, the UE does not need to perform frequency re-tuning to make the CSI-RS measurement for the non-active BWP since the same center frequency is used for both BWPs. Furthermore, as the UE is expected to be scheduled primarily on the wider BWP, it does not make sense to constrain the UE to only report CSI for the narrower BWP, in fact, all CSI reports should probably correspond to the wider BWP! Hence, some form of cross-BWP CSI reporting would be beneficial in this case. One way to implement this could be to use the CSI configuration (comprising the CSI report settings) defined for the wider BWP for the narrow BWP as well. That is, if a first candidate BWP spans a subset of the PRBs of a second candidate BWP, the CSI configuration for the second BWP can be configured to be re-used for the first BWP.
[bookmark: _Toc498726099]A BWP spanning a subset of PRBs of another BWP can reuse the same CSI configuration as that BWP 

Remaining details on CSI reporting periodicities
In RAN1#90bis, a minimum set of allowed P/SP CSI reporting periodicities were agreed:
Agreement:
NR at least supports the following periodicities for P/SP CSI reporting 
{5, 10, 20, 40, 80, 160, 320} slots
Details on restriction on periodicity as a function of subcarrier spacing is to be concluded in RAN1#91 (including whether or not to support)

As the periodicities are given in slots rather than milliseconds, there was some concern on that the values in the lower end would result in  too frequent reporting for larger subcarrier spacings. For instance, while 5 slots correspond to 5 ms in 15 kHz SCS, it corresponds to 5/8=0.625 ms periodicity for 120 kHz SCS. On one  hand, short CSI reporting periodicity may lead to increased UE complexity and power consumption. On the other hand, larger SCS is used for higher carrier frequency scenario where the Doppler of the channel is larger, implying a smaller channel coherence time. Thus, it could be beneficial to have more frequent CSI reports when larger SCS is used. This should be weighed against the increased UE complexity. Typically also, when larger SCS is used in higher frequencies, the CSI-RS is beamformed and comprises only a few ports, which limits the CSI calculation complexity. It is thus not clear that any restriction actually is needed. 
On the other hand, the maximum slot periodicity values will for larger SCS correspond to only moderate CSI reporting periodicities.  For 120 kHz, 320 slots correspond to only 40 ms. Contrary to having too small periodicities, having larger periodicities only reduces UE complexity and should be of no concern to add for smaller SCSs. In LTE, 160ms CSI reporting periodicity is supported and in our view the same absolute reporting periodicity should be supported also for NR at least with 120 kHz SCS. Thus, additional values of 640 and 1280 slots need to be supported.
[bookmark: _Toc498726065]Adding longer possible CSI reporting periodicities can only reduce UE complexity
Another aspect to consider is that it would be beneficial to align the allowed CSI reporting periodicity values with the possible values for DRX cycles. Naturally, one would like to make it possible so that a UE can wake up from DRX and transmit a periodic CSI report, regardless of its configured DRX cycle. The currently assumed values for DRX cycles in RAN2 are copied below:
DRX-Config ::=                    CHOICE {
    release                          NULL,
    setup                            SEQUENCE {
       drx-onDurationTimer                ENUMERATED {
                                            ms1, ms2, ms3, ms4, ms5, ms6, ms8, msf10, ms20, ms30, ms40, ms50, ms60, ms80, ms100, ms200, ms300, ms400, ms500, ms600, ms800, ms1000, ms1200, ms1600, spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1},
[…]
    }

We note that (1) the cycles are given in milliseconds rather than slots, (2) the maximum DRX cycle is 1600 ms. Thus, a number of CSI periodicities should be added to align with the possible DRX cycles for all subcarrier spacings. It is reasonable that at least all DRX cycles longer than 40 ms should have an aligned CSI reporting periodicity for all SCSs. Therefore, the additional CSI reporting periodicities in Table 1 should be added.
Table 1: Additional CSI reporting periodicities
	Additional CSI periodicities [slots]

	50	60	100	120	200	240	300	400	480	500	600	640	800	960	1000	1200	1280	1600	2000	2400	3200	4000	4800	6400	8000	9600	12800	16000	19200	25600



We note that allowed CSI reporting periodicities can be larger than the corresponding CSI-RS periodicities. This is because a cell-covering periodic CSI-RS can be shared among multiple UE in the cell, where each UE have a much longer DRX cycle but where the UEs wake up at different times to measure the CSI-RS and transmit the P-CSI report.
[bookmark: _Toc498726100]Adopt the additional CSI periodicities in Table 1 to ensure alignment between P-CSI reporting and DRX cycles for all supported subcarrier spacings



Remaining details on CSI priority rules
In RAN1#90bis, a set of priority rules for handling CSI collisions was agreed:
Agreement:
· At least for when Type I CSI collides with Type I CSI and Type II CSI collides with Type II CSI
· The following priority order for CSI periodicity types applies
· Aperiodic CSI > P-CSI
· Aperiodic CSI > SP-CSI
· Note: Study further on the priority between SP-CSI and P-CSI
· CSI on PUSCH has priority over CSI on PUCCH
· Only one CSI periodicity type is piggybacked on PUSCH
· Lower priority CSI is dropped when there is a collision
· Aperiodic CSI on PUCCH is dropped if there is a collision with PUSCH
· TBD in RAN1#91 If the above applies for Type I CSI collides with Type II CSI as well

First, RAN1 should clarify what “CSI collision” means, in order to “pre-empt” possible misunderstanding. 
[bookmark: _Toc498726101]For priority rules for CSI collision, the following definition is used: “Two CSI reports are said to collide if the time occupancy of the physical channels scheduled to carry the CSI reports overlap in at least one OFDM symbol and are transmitted on the same carrier”
Second, we address the remaining open issues.
The first open issue is what the priority rule should be if P-CSI on PUCCH and SP-CSI on PUCCH collides. Since both reports are transmitted on PUCCH in a periodic fashion, it may not always make sense to drop P-CSI in favour of SP-CSI, especially if the P-CSI report has a longer periodicity than the SP-CSI report. In fact, regardless of if the reports are P or SP, the dropping rule should be based on the periodicity such that the report with the shorter periodicity is dropped.
[bookmark: _Toc498726102]For P/SP CSI collisions where all colliding CSIs are transmitted on PUCCH, the CSI with the longest periodicity has priority while the other CSIs are dropped
The second open issue is what to do when Type II CSI collides with Type I CSI. For Type II CSI transmitted on PUSCH using aperiodic trigger, it should have priority over P/SP Type I CSI in accordance with the already agreed priority rules. When Type II SP-CSI is transmitted on long PUCCH, aperiodic Type I CSI on PUSCH should have priority. Therefore, the same priority rules can be used for cross-Type CSI collisions.
[bookmark: _Toc498726103]Extend the agreed priority rules for CSI collision in RAN1#90b also to when Type I and Type II CSI collides

Remaining details on subband sizes
In RAN1#90bis it was agreed that subband size should be configurable between two possible BWP-dependent values:
Agreement:
· Adopt the following refined subband sizes:
	Carrier bandwidth part (PRBs)
	Subband Size (PRBs): 
1st value, 2nd value

	24 – 60
	4, [8]

	61 – 100
	8, [16]

	101 – 200
	[12], [24]

	201 – 275
	16, [32] 


· The 2nd subband size values in brackets are to be confirmed or refined in RAN1#91 
As stated in the agreement, the values in brackets need to be confirmed or refined. This issue is discussed in our companion contribution [1]. Our proposal is to adopt the refined subband sizes in Table 2 below. However, further refinement may be needed depending on how the RBG sizes end up being defined.
[bookmark: _Ref498416682]Table 2: Proposed refinement on subband sizes and ranges
	Carrier bandwidth part (PRBs)
	Subband Size (PRBs): 
1st value, 2nd value

	24 – 60 59
	4, 8

	6160 – 100 110
	8, 12

	101 111 – 200
	12, 16

	201 – 275
	16, 32



[bookmark: _Toc498726104]Adopt the refined subband sizes and ranges in Table 2

Indication of PTRS strongest layer in CSI feedback
Furthermore, in PTRS session, it has been agreed to report preferred PTRS layer in UCI as part of the CSI report:
[bookmark: _GoBack]Agreement:
· For CP-OFDM, support UE to report the desired maximum number of UL PTRS ports as UE capability and report the preferred DL layer, in case of 2 CW, report the preferred DL layer within the CW with higher CQI in UCI
· Note: The maximum number of UL PTRS ports can reflect the number of oscillators at this UE

Decision is needed in CSI reporting session how the preferred DL layer should be incorporated in the CSI report. This is discussed in detail in our PTRS paper [2]. Essentially, to indicate the preferred DL layer in the CW with the highest CQI, one can use a Column Permutation Indicator (CPI) which permutates the column of the precoder so that the strongest layer is always the first one. The CPI can take values between 0-3. As the possible values of the CPI depends on the RI (e.g. for rank 1, the CPI can only take 1 value), it would benefit from being jointly encoded with the RI in the CSI report. To limit the additional overhead, at most one additional bit should be allowed for joint CPI/RI field compared to standalone RI field. The mapping of CPI/RI states to the field should also take into account the rank restriction, as per RAN1 agreement, RI payload depends on rank restriction. Of course, the CPI would only be present if configured in the CSI report setting, otherwise single RI field should be used.
[bookmark: _Toc498726105][bookmark: _Toc498726106]If configured to be present for a CSI report setting, the indicator of strongest DL layer within the CW with highest CQI for DL PTRS port mapping purpose, the so called CPI, is jointly encoded with RI into a single field using at most one additional bit compared to standalone RI field
For further details of the proposal, we refer to [2].
CSI report timing offsets on PUSCH
In RAN1#90 there was some discussion around the PUSCH timing offsets Y for PUSCH containing CSI report, but no conclusion was made. It has been agreed to indicate the PUSCH timing offset value with a [2-3] bit indicator in the DCI. This gives plenty of flexibility to indicate different PUSCH offsets to ensure that sufficient processing time can be given to the UE to calculate the CSI report(s). Thus, the same set of RRC configured Y-values can be used for PUSCH with and without CSI.
[bookmark: _Toc498726107]The same set of RRC configured PUSCH timing offsets Y is used for PUSCH with and without piggybacked CSI
[bookmark: _Ref178064866]
Semi-persistent CSI reporting on PUCCH
While it has been agreed that SP-CSI reporting on PUSCH is activated via DCI using LTE SPS-like mechanism, it is still not decided how SP-CSI reporting on PUCCH is activated. There are two options:
1. SP-CSI reporting on PUCCH is activated with MAC CE
2. SP-CSI reporting on PUCCH is activated with DCI
On one hand, it can be argued that as SP CSI-RS is activated with MAC CE, SP-CSI reporting on PUCCH should be activated with a similar mechanism. On the other hand, SP-CSI reporting on PUSCH is activated via DCI, so to be consistent, the PUCCH based report should be activated with DCI as well. If we go with option 2, the issue is how to distinguish between a PUCCH based and PUSCH based CSI reporting activation. One alternative is to optionally configure a PUCCH resource in the ReportConfig for an SP CSI report. If the activated report does not contain a configuration of a PUCCH resource, PUSCH is used to carry the report, and vice versa. Another option is to use different CRC scrambling of the DCI carrying the activation message, so that SP CSI on PUSCH is activated with DCI CRC-scrambled with SP-CSI C-RNTI while a PUCCH based report is activated with a DCI CRC-scrambled with C-RNTI. Even if this is the case, one still has to distinguish A-CSI triggers with SP-CSI activations somehow. But this can be done by associating different codepoints in the CSI request field with either A-CSI or SP-CSI reports. As SP-CSI reports triggers do not also need to trigger different NZP sets, as A-CSI triggers do, the number of possible codepoints required for SP-CSI report activation may be small. Hence, DCI-based activation is slightly preferred.
[bookmark: _Toc498726108]SP-CSI reporting on PUCCH is activated with DCI
While SP-CSI reporting on PUSCH allows for dynamic link adaptation and variable  CSI payload size, SP-CSI reporting on PUCCH is more similar to periodic reporting in its nature. Therefore, it could make sense to use a semi-statically configured PUCCH resource for SP-CSI and avoid having to indicate the PUCCH resource dynamically in the activation message. 
[bookmark: _Toc498726109]SP-CSI reporting on PUCCH uses semi-statically configured PUCCH resources

Aperiodic CSI reporting on short PUCCH
After email discussion, it was concluded to decide the exact triggering mechanism for A-CSI on short PUCCH (i.e. DL or UL DCI) in the DCI format session, so we refer to our contribution [3] under this agenda item.  However, some remaining issues still needs to be discussed in the MIMO session.
First, we only have working assumption on supporting A-CSI on short PUCCH for non-self-contained CSI feedback, i.e. Y>0. In our view, Y>0 is the most interesting use case for A-CSI on PUCCH, as very few UEs will support Y=0 as a capability. Restricting A-CSI on short PUCCH to only the most difficult case for the UE is artificial and without technical merit. Hence, the working assumption should be confirmed.
[bookmark: _Toc498726110]Confirm the working assumption to support A-CSI on short PUCCH for Y>0
In our view, A-CSI reporting on long PUCCH should also be considered. However, given that the mechanism for short PUCCH has not been finalized yet, it is better to defer support of long PUCCH till after December.
Conclusions
In this contribution, we made the following observations:
Observation 1	CSI omission procedure will likely have to be invoked rather infrequently for proper gNB implementations
Observation 2	Adding longer possible CSI reporting periodicities can only reduce UE complexity

We make the following additional proposals:
Proposal 1	For PUSCH CSI reports where partial subband PMI have been omitted, subband CQI is determined according to existing procedure
Proposal 2	No additional CBSR for inter-group co-phasing parameters is introduced
Proposal 3	Support BWP-specific CSI configurations where separate independent instances of CSI report settings are configured for each candidate BWP, each mapping to independent Resource Settings
Proposal 4	Do not reporting CSI corresponding to a non-active BWP if the active and non-active BWPs span different PRBs
Proposal 5	A BWP spanning a subset of PRBs of another BWP can reuse the same CSI configuration as that BWP
Proposal 6	Adopt the additional CSI periodicities in Table 1 to ensure alignment between P-CSI reporting and DRX cycles for all supported subcarrier spacings
Proposal 7	For priority rules for CSI collision, the following definition is used: “Two CSI reports are said to collide if the time occupancy of the physical channels scheduled to carry the CSI reports overlap in at least one OFDM symbol and are transmitted on the ame carrier”
Proposal 8	For P/SP CSI collisions where all colliding CSIs are transmitted on PUCCH, the CSI with the longest periodicity has priority while the other CSIs are dropped
Proposal 9	Extend the agreed priority rules for CSI collision in RAN1#90b also to when Type I and Type II CSI collides
Proposal 10	Adopt the refined subband sizes and ranges in Table 2
	If configured to be present for a CSI report setting, the indicator of strongest DL layer within the CW with highest CQI for DL PTRS port mapping purpose, the so called CPI, is jointly encoded with RI into a single field using at most one additional bit compared to standalone RI field
Proposal 11
Proposal 12	The same set of RRC configured PUSCH timing offsets Y is used for PUSCH with and without piggybacked CSI
Proposal 13	SP-CSI reporting on PUCCH is activated with DCI
Proposal 14	SP-CSI reporting on PUCCH uses semi-statically configured PUCCH resources
Proposal 15	Confirm the working assumption to support A-CSI on short PUCCH for Y>0

[bookmark: _In-sequence_SDU_delivery]References
R1-1720723, “On CSI subband size”, Ericsson, RAN1#91 Reno
R1-1720741, “Remaining details on PTRS design”, Ericsson, RAN1#91 Reno
R1-1720970, “On DCI triggering of aperiodic CSI reports on short PUCCH”, Ericsson, RAN1#91 Reno

image1.emf
Box #0

Part 2 WB CSI for CSI 

report #1

Part 2 WB CSI for CSI 

report #2

...

Part 2 WB CSI for CSI 

report #N

Box #1

Part 2 SB 

CSI of even 

SBs for CSI 

report #1

Box #2

Part 2 SB 

CSI of odd 

SBs for CSI 

report #1

Box #3

Part 2 SB 

CSI of even 

SBs 

for CSI 

report #2

Box #4

Part 2 SB 

CSI of odd 

SBs for CSI 

report #2

...

Box #2N-1

Part 2 SB 

CSI of even 

SBs 

for CSI 

report #N

Box #2N

Part 2 SB 

CSI of odd 

SBs for CSI 

report #N

High priority

Low priority


