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

Proposal:

For periodic feedback, take the following proposal as working assumption out of this meeting

· When a reference process is configured

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

· RI of the process can be configured to inherit its value from the most recent RI report of the RI-reference-process

· The RI computation for a first CSI process, without a reference CSI process, is derived solely based on the first CSI process, it does not take into account any other CSI processes, regardless if a second CSI process has been configured with the first CSI process as a reference CSI process

· No consensus on subband and PMI reference process 

· A CSI process must be configured in the same feedback mode and on the same CC as the reference CSI process
· If the RI of a CSI process is configured to inherit its value from the most recent RI report of the RI-reference process

· Same period and offset are configured for the RI of the linked process as the reference process

Support: Intel, Hitachi, Ericsson, ST-Ericsson, CATT, Samsung, Inter-digital, LGE, Orange, Sharp, ZTE, NEC, ALU, ALU Shanghai Bell, 

Object: NSN, Nokia, MediaTek, Panasonic

Conclusion:  Continue discussion until next meeting.

2 RI computation

According to the current proposal for working assumption, we have

· The RI computation for a first CSI process, without a reference CSI process, is derived solely based on the first CSI process, it does not take into account any other CSI processes, regardless if a second CSI process has been configured with the first CSI process as a reference CSI process

From the UE perspective, this implies that the RI/PMI/CQI determination for the first CSI process is unaffected by the measurements on the second CSI process. On the other hand, a linked CSI process simply inherits the RI from the reference process, and then proceeds to compute PMI/CQI based on the restricted rank. 

It has been argued that this requires the linked process to compute PMI/CQI for both ranks all the time and hence could increase complexity. However, this is no different from the current behavior with a single CSI process, where a UE may compute CSI for different ranks corresponding to a single CSI process before determining the optimal rank. 
Observation

UE complexity is not affected by configuration of a reference CSI process for periodic feedback reporting.

3 Timing configuration

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

As captured in the proposal from chairman notes, one solution to the above problem is to simply inherit the timing configuration of the reference property. One of the reports can 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. We will discuss some options in the next section.
Observation

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

1.1 Summary of timing inheritance options
The current definition of timing of subframes used for RI and CQI/PMI reports is given as follows in 36.213, Section 7.2.2,
· The reporting instances for wideband CQI/PMI are subframes satisfying 
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· In case RI reporting is configured, the reporting interval of the RI reporting is an integer multiple 
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· The reporting instances for RI are subframes satisfying 
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Note that the 
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 is the relative timing offset of RI, i.e it is an offset relative to the CQI/PMI timing and only takes values in the range
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At the previous meeting, there has been some discussion of the timing configuration associated with configuration of reference CSI process for periodic CSI reporting as opposed to aperiodic CSI reporting. We discuss some simple options to address these concerns.
Option 1: Independent configuration of timing parameters for each process

With this option, all the timing parameters are allowed to be independently configured for the linked CSI process. It can be left to the network behaviour to configure timing so that reports are more useful for scheduler implementation. One problem with this approach is that the UE receiver may be expected to support all possible behaviours and timing relationships, some of which are discussed in the earlier section.

Option 2: Use the same timing reporting instances for the RI of the linked process as the reference process. 
In this case, the reporting instance of RI for the linked process simply corresponds to when RI hypothesis is updated for the linked process, but the RI itself is not reported (the common RI is sent). The CQI/PMI reporting instances are not changed.
The RI update instances for the linked process are given as follows,
· The reporting instances for wideband CQI/PMI are subframes satisfying 
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· In case RI reporting is configured, the reporting interval of the RI reporting is an integer multiple 
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· If a reference RI process is configured, the reporting instances for RI are subframes satisfying 
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are timing parameters associated with the linked process, while 
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are timing parameters associated with the reference process. In this method, the RI hypothesis for the linked process is updated at the same instances as the reference process. Once updated the feedback of CQI/PMI reports of the linked process must be based on this RI hypothesis until the next RI report instant of the reference CSI process.

This is also a very simple and straight forward solution. An exception would be the case of feedback mode 2-1 with 8 CSI-RS ports and feedback mode 1-1 (submode 1) with 8 CSI-RS ports, which support joint encoding of RI with other parameters, i.e RI+PTI(precoding type indicator) and RI+ first PMI (the first component of the codeword in the dual codebook). Feedback mode 2-1 is defined in detail in 36.213 v 10.0. 

However, we believe this problem can be easily solved. One way to address this is to assume PTI or first PMI also follow the reference process, when RI reference is configured. Note that, PTI and PMI are most likely the same if the two processes share the same non-zero power CSI-RS resource. On the other hand, a common RI configuration for CSI processes with two different non zero power CSI-RS resources and RI+PTI or RI+first PMI collision is a corner case, since it corresponds to a joint transmission among TPs with 8 transmit antennas.

Option 3: Use same timing periods as reference process but with different offsets

· The reporting instances for wideband CQI/PMI are subframes satisfying 
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· In case RI reporting is configured, the reporting interval of the RI reporting is an integer multiple 
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· If a reference RI process is configured, the reporting instances for RI are subframes satisfying 
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In this case, the same timing periods as reference process (
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) are used to derive rank and CQI/PMI timing, but different offsets 
[image: image25.wmf]CQI

OFFSET

N

,

 and 
[image: image26.wmf]RI

OFFSET

N

,

 are configured to avoid collisions. The advantage of option 3 over option 2, is that it allows timing alignment of the reports (within an offset less than a period) while avoiding collisions. This helps to address concerns of scheduler performance and simplify UE implementations raised by some companies for periodic CSI as opposed to aperiodic CSI.

Observation
Inheriting RI/CQI timing parameters with a subframe shift allows similar behaviours as aperiodic CSI, since the reports are aligned in time.
Since periodic PUCCH based feedback may be more suitable for low mobility UEs, we recommend supporting rank reference process configuration for periodic CSI.
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) To avoid complex scheduler behaviour and UE complexity, inheriting the timing parameters from the reference process is recommended

a. Additional offsets may be used to avoid CSI multiplexing if 8Tx JT scenario is considered important.
b. Further, inheriting RI/CQI timing parameters with a subframe-offset allows similar behaviours as aperiodic CSI, since the reports are aligned in time.
3) Since periodic PUCCH based feedback may be more suitable for low mobility UEs, we recommend supporting rank reference process configuration for periodic CSI.
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