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1 Introduction
In this contribution, we discuss remaining issues of periodic feedback for multiple CSI processes, in particular the reference process configuration and CSI multiplexing. The relevant discussions and agreements on these aspects as captured in the chairman notes from RAN1 #70 are copied below,

Reference Process Configuration

Take the following two bullets as working assumption.

· A RI-reference-process can be configured for a CSI process

· PMI/CQI of the process is calculated conditioned on the RI of its RI-reference-process ,if configured, that is reported in the same or the most recent preceding subframe 

· A subband-reference-process can be configured for a CSI process

· Subband CQI of the process reflecting transmission over the same subband as indicated for the subband-reference-process of the same bandwidth part, that is reported in the same or the most recent preceding subframe 

Above 2 bullets for email approval until Friday 24th August.

Can also discuss rest of 3976.

· FFS: A PMI-reference-process can be configured for a CSI process

· CQI of the process is calculated conditioned on the reported PMI of its PMI-reference-process if configured

· RI associated with the reported PMI is used 

· The PMI-reference-process is only applicable in case the CSI process is configured in the same feedback mode as the PMI-reference-process

· For periodic reporting
· A CSI Process with a reference CSI Process shall not be reported until the reference property of the reference CSI Process has been reported at least once

· The CSI process must be configured in the same periodic feedback mode as a reference CSI process

· The reference RI/subband of the most recently periodically reported reference-CSI-process shall be used

· No mixing between aperiodic and periodic reports

· There is no rank/subband signalling compression

· FFS: If compression can be achieved with minimum implementation/specification effort

· The collision handling will be unaffected by this proposal
CSI Compression/Multiplexing
Working assumption 

· Rel-11 supports the feedback configuration and reporting for simultaneous CA and CoMP.

· Strive for reduction of UE complexity in CSI report design, e.g. limiting number of CSI processes, etc
· Indexing scheme for CSI processes:

· Alt1: Indexing is defined within a given CC

· Alt 2: Indexing is defined across all configured CCs 

Working assumption:   Alt 1. 

· Dropping rule is supported based on reporting type and CSI process/CC index

· Alt 1: Reporting type ( CSI process index ( CC index

· Alt 2: Reporting type ( CC index ( CSI process index

Agreement:

Alt 1 of dropping rule is agreed. 

CSI multiplexing

· Alt1: FFS, taking into account the outcome of CA CSI multiplexing discussion  

· Alt2:  At least for single carrier case, support  Multiplex of CSIs on PUSCH 

· Alt3:  At least for single carrier case, support  Multiplex of CSIs on PUCCH format 3

· Compression schemes suitable for CoMP can be considered on PUCCH Format 2. 

We will discuss further details of in this contribution.
2 Reference process configuration

1.1 Use case for common CSI 
CoMP gains were demonstrated in RAN1 studies based on joint transmission and frequency selective scheduling. Common CSI configuration improves scheduler flexibility for practical implementations of these schemes. Common rank is needed to perform joint transmission across multiple TPs. It is also needed for frequency selective DPS/DPB, where a scheduler needs to use a single rank across the whole UE allocation in a subframe. Further sub-band alignment also allows non-coherent JT on the common set of sub bands. 
It can be argued that this is beneficial only when there is significant power difference between the TPs in joint transmission (resulting in different ranks). However, a threshold of up to 10dB for received power difference is used for CoMP measurement set in most evaluations, and up to 5dB within CoMP transmission set is typical. This results in many scenarios, where the ranks are not aligned. In addition, configurability of common feedback allows the network to setup a reference process for UEs only when it is beneficial. 

Observations

1) Common feedback configuration allows efficient implementation of joint transmission and frequency selective scheduling

a. eNB implementations can be relied on for appropriate choice of reference process configuration
1.2 CSI process definitions 
For each CSI process, a single reference CSI process may be sufficient followed by the reference CSI configuration. We consider a typical CoMP feedback setup below with four CSI processes. We can consider CSI-RS 1 as a strongest (‘serving’) TP, whereas the CSI-RS 2 could correspond to a second TP. IMR 1, IMR2 and IMR 3 could correspond to different interference assumptions.

Table 1 – Example CSI Process configurations
	CSI process index
	NZP CSI-RS 
	IMR 

	1
	CSI-RS 1
	IMR 1 (IMR0)

	2
	CSI-RS 1
	IMR 2 (IMR0+I_TP2)

	3
	CSI-RS 2
	IMR 1 (IMR0)

	4
	CSI-RS 2
	IMR 3 (IMR0+I_TP1)

	*IMR0 – Outside cell interference (Scenario 4)


The table below captures the different common CSI parameter configurations that a network may configure with these CSI processes.

Table 2 – Typical configurations of reference parameters and reference process
	CSI process I and II (DPB)
	CSI process I and III (JT/DPS)
	CSI process II and IV (DPS/JT)

	Option 1 (Frequency Selective DPB) 

Common RI 
	Option 1 (JT+DPS): 
Common RI

	Option 1 (JT+DPS): 
Common RI
 

	Option 2(Frequency Selective DPB): 

Common RI, PMI and PTI (for 8Tx) 
	Option 2 (JT):

Common RI and sub-band 
	Option 2 (JT):

Common RI and sub-band 


In general, only a limited set of reference configurations are useful for the network. Arbitrary configuration of reference properties may lead to error cases, where additional behavior must be specified. To simplify the reference configuration, a CSI-process can be defined as follows with a single CSI reference process and a single CSI reference configuration.
CSI-Process-r11:

{



CSI-Process-ID
                   Integer



CSI-RS-config
                   





IMR-config

                (Optional)  CSI_Reference_Process
                   a CSI-Process-ID

                (Optional) CSI_Reference_Configuration                                a CSI reference configuration index
}

Observation

1) It is sufficient to configure a single CSI reference process and a single CSI reference configuration for each CSI process.

1.3 Timing behaviour

When a reference property is specified based on a reference process, a linked CSI process may have CSI parameters that are dependent on the reference property (e.g, CQI dependent on RI). In this case, there are two possibilities,
1) Linked process inherits the reference parameter at the corresponding reporting subframe and the rest of reporting is performed independently (Figure 1, Figure 2 below).

2) All the feedback parameters of a linked process follow the most recent reported reference parameter hypothesis at each reporting instance (Figure 3 below).
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Figure 1 – Linked process inherits reference property (RI period of reference process > RI period of linked process)
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Figure 2 – Linked process inherits reference property (RI period of reference process < RI period of linked process)

In both the above cases, dependent on the periodicity of the individual RI, some boundary effects can be seen where the scheduler may have some sub-band reports with different RI. This clearly goes against the motivation of configuring a common RI.
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Figure 3 – Linked process follows reference property

In the second case, the RI hypothesis of the linked process has to closely follow the reference process and update the reference property RI arbitrarily, which increases UE complexity.
One simple solution to the above problem is to also inherit the timing configuration of the reference property. However, one of the reports must be dropped to avoid CSI multiplexing. For common RI, the second RI is simply dropped and not reported (redundant anyway), so there is no need to multiplex CSI. Similar approach can be used for CQI/PMI report of the reference process, but an offset can be used to avoid CSI multiplexing (in particular if CSI multiplexing is not agreed).
Observation

1) To avoid complex scheduler behaviour and UE complexity, inheriting the timing parameters of the reference property is recommended

a. Additional offset may be used to avoid CSI multiplexing (if needed)
1.4 New report types
There are situations where, new report types may be needed if only some of the CSI parameters in the report are common. One solution is not to drop but transmit them anyway, though it is redundant information. As pointed out earlier, there is benefit in aligning the timing of the reports corresponding to reference parameter RI. Since they are anyway common, it is better to drop them. However, for 8Tx CSI feedback with report 5 (RI/First PMI) or report 6 (RI/PTI), even if RI is dropped, PMI and PTI may have to be reported. One possibility is to define a new report type in this case or configure an additional offset for RI report. 
3 CSI Multiplexing

For CSI multiplexing in support of DL CoMP (with or without DL CA), three alternatives were identified at RAN1#70:
· Alt1: FFS, taking into account the outcome of CA CSI multiplexing discussion  

· Alt2: At least for single carrier case, support multiplexing of CSIs on PUSCH 
· Alt3: At least for single carrier case, support multiplexing of CSIs on PUCCH format 3

The outcome of the CA CSI multiplexing discussions was that a new PUCCH format (either with the PUSCH structure or with the PUCCH Format 3 structure) will not be supported for DL CA in Rel-11 and periodic CSI transmissions will again be provided using the Rel-10 mechanisms (i.e. using PUCCH Format 2 and associated prioritization rules in case of collisions). For Alt. 1, this implies that CSI multiplexing for DL CoMP (with or without DL CA) will also be based on PUCCH Format 2 using respective prioritization rules as captured in chairman’s notes from previous meeting. 
The main shortcoming of using PUCCH format 2 is not so much the loss of one or more periodic CSI reports in case of collisions among CSI reports but the necessity for TDM of these CSI reports and the inability to multiplex HARQ-ACK or SRS in TDD systems. Providing an eNB scheduler with all CSI reports at the same time is even more important for DL CoMP than it is for DL CA as the scheduling of a UE from different cells is not independent. Moreover, similar to DL CA, the inability to multiplex HARQ-ACK and/or SRS and periodic CSI in TDD where the number of UL subframes per frame is limited is likely to result to very frequent losses of CSI reports with PUCCH Format 2 (due to dropping CSI when colliding with HARQ-ACK and restricting CSI reports in subframes a UE does not transmit SRS). 
The alternatives to using PUCCH Format 2 are to either use PUSCH or use PUCCH Format 3 (as also considered for DL CA). The tradeoffs between these two alternatives for DL CA were analyzed in detail in [3] and summarized in [4]. A main conclusion is that contrary to the theoretical assumption that PUCCH Format 3 with dual RM can support up to 22 bits, this is not possible in practice when considering multiplexing of several UEs in the same PRB because the respective interference limits the achievable SINRs and target BLER cannot be achieved for the vast majority of UEs (in fact, the main advantage of PUCCH Format 3 over PUCCH Format 2 is the somewhat improved BLER for total payloads of around 10 bits). 
For DL CoMP, due to the DL/UL SINR limitations of respective UEs (even if UL CoMP is also assumed to always apply in conjunction with DL CoMP despite the differences in DL/UL transmission powers), payloads above 11 bits using dual RM coding cannot be supported for the target BLERs. Moreover, even if the UE multiplexing capacity per PRB was reduced to 1 or 2 UEs for PUCCH Format 3, large payloads may still not be supported for the target BLERs due the low UL SINRs and/or power limitations of DL CoMP UEs [3]. This is further exacerbated when considering simultaneous HARQ-ACK or SRS multiplexing. Additionally, support of CSI multiplexing for DL CA and DL CoMP with PUCCH Format 3 is not possible without also relying on TDM which will then bring the effective multiplexing capacity to less than 1 UE per PRB! 

Due to the above and further considering the metrics of performance, overhead, specification and testing, support of DL CA with DL CoMP, multi-cell CSI multiplexing with HARQ-ACK and/or SRS, CRC protection for an eNB to avoid using for PDSCH/EPDCCH transmissions erroneous CSI reports, future compatibility aspects where CSI payloads may further increase, DL throughput impact from lost or non-simultaneous CSI reports, and UE power consumption from transmitting CSI in multiple subframes (using TDM), PUSCH is clearly preferable over PUCCH Format 3.    
Observation

1) In addition to PUCCH Format 2, it is highly beneficial to allow a network the capability to configure a UE with a PRB resource for multi-cell periodic CSI multiplexing in a PUSCH. There is no need to support multi-cell periodic CSI multiplexing with a PUCCH Format 3.

4 Conclusions
In this contribution, we discussed further details of reference process configuration and CSI multiplexing. The conclusions are summarized below,
1) Common feedback configuration allows efficient implementation of joint transmission and frequency selective scheduling

a. eNB implementations can be relied on for appropriate choice of reference process configuration

2) It is sufficient to configure a single CSI reference process and a single CSI reference configuration for each CSI process.
3) To avoid complex scheduler behaviour and UE complexity, inheriting the timing parameters of the reference property is recommended

a. Additional offset may be used to avoid CSI multiplexing (if needed)

4) In addition to PUCCH Format 2, it is highly beneficial to allow a network the capability to configure a UE with a PRB resource for multi-cell periodic CSI multiplexing in a PUSCH. There is no need to support multi-cell periodic CSI multiplexing with a PUCCH Format 3.
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