Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 #79
Tdoc R2- 123863
QingDao, China, August 13-17, 2012
Agenda Item:
07.08
Source: 
Ericsson, ST-Ericsson 

Title:  
Periodic CSI and SRS at DRX state change
Document for:
Discussion, Decision
1 Introduction
This paper discusses a number of problems with the existing handling of periodic reporting of CSI/SRS at DRX state change.
2 Background
At the RAN2#78 meeting a number of problems related to periodic reporting of CSI/SRS at DRX was addressed for Rel-10 in the contribution [1]. It was agreed to discuss these problems for Rel-11, except for the issue on transition between short and long DRX cycles, which should be considered to be fixed in Rel-10, see the proposal [2]. The agreement from the meeting is quoted below:

“Can discuss offline whether there is really an issue and if so, can consider fixing the transition between long and short DRX cycle in Rel-10. But the rest should be discussed as TEI11”
We will show in this document that there are a number of issues related to periodic CSI/SRS reporting at DRX that have not yet been solved, and if nothing is done to fix these problems it means that the usefulness of periodic CSI/SRS reports is very limited, since periodic reports can not in practice be used while having a short drx-InactivityTimer.
3 Current Problems

The existing handling of periodic CSI/SRS reporting in combination with DRX state change has a number of problems and we have identified the following issues (see the subsections for more details of each issue):
1. The purpose with periodic CSI/SRS reports is to receive reports when traffic is ongoing and not otherwise (i.e. no traffic). The current standard is not well adapted to achieve this goal.
2. The implementation in the network will be unnecessarily complicated in order to handle all special cases and to detect when the UE has sent CSI/SRS.
3. The current specification is complex and difficult to understand. We have identified some missing cases and some parts of the note at the end of the DRX section which contradict each other.

3.1 Periodic CSI/SRS is not well adapted for DRX
The current standard is not well adapted for when periodic CSI/SRS reports are sent in relation to DRX:

· The current specification gives the UE too much optionality and it may happen that a UE will never send periodic CSI/SRS reports for normal traffic cases.
· When the UE is in long DRX cycle, there should be no need to send any periodic reports, because these reports will be wasted and only cause unnecessary battery usage.
3.1.1 Too much optionality

When using a short drx-InactivityTimer the UE is given too much optionality for when to send periodic CSI/SRS. As a result, the network cannot use periodic CSI/SRS reports when the drx-InactivityTimer is short. It is difficult to give a specific value for the drx-Inactivitytimer for when periodic reports are useful, but it is clear that a value of less than about 6 subframes will give frequent cases of optionality in which case the usefulness of the periodic reports is very limited.
The following picture shows that due to the allowed optionality for sending periodic CSI/SRS, the UE may in many cases not send CSI/SRS even though traffic is ongoing.
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Figure 1 This diagram shows that there will be frequent cases of optionality for sending periodic CSI/SRS when the duration of the drx-InactivityTimer is short.
Note that if the reporting is aligned with the short DRX cycle, there will be no problem with the existing specification since there will be no optionality issues. But, as is explained in the following sub-section, aligning periodic CSI/SRS with the onDurationTimer will cause a lot of unnecessary transmissions when the UE is in long DRX cycle.
Observation 1: Too few periodic reports will be generated while the UE is in short DRX cycle.
3.1.2 Sending too many CSI/SRS reports
The following picture shows that during long DRX cycle there will be cases of periodic CSI/SRS that happens to be sent at the same time as when the onDurationTimer is running.
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Figure 2 This diagram shows that during long DRX cycle there will be cases where periodic CSI/SRS will be sent, even though the information is not useful.
What is shown in Figure 2 is that a normal configuration of DRX and periodic CSI/SRS will result in unwanted transmissions of periodic CSI/SRS during onDurationTimer at long DRX cycle.

See the section 7.1 in the annex for an explanation of why it is often not possible to avoid the transmission of periodic CSI/SRS at the same time as the onDurationTimer is running and for an example of a traffic scenario where there are many unnecessary transmissions of periodic reports during long DRX cycle.

In most cases uplink periodic reports sent during long DRX cycle will be too old to be of any use when traffic starts again.
It can possible be argued that periodic reports can be used during long DRX cycle in order to keep the uplink timing synchronization. However, using periodic uplink reports for keeping track of uplink timing is an inefficient usage of these reports, since their main purpose is to improve the link quality, and therefore we believe that uplink timing is better handled using a-periodic scheduling.
Hence, we have shown that in a normal system using realistic CSI/SRS and DRX configurations there will be unnecessary periodic CSI/SRS reports sent during long DRX cycle. This will cause unnecessary battery usage by the UE, as well as unnecessary processing cost and interference for the network.
Observation 2: Too many periodic reports will be generated while the UE is in long DRX cycle.
3.2 Complicated network implementation

The network must be able to correctly decode the PUCCH channel or the PUSCH channel for cases when it does not know if periodic CSI or SRS has been sent, as the following two cases show:

· If CSI is optional and it happens to coincide with a DL HARQ PUCCH transmission, then the network needs to implement double decoding to handle both the case when CSI has been sent and the case when it has not been sent.

· If SRS is optional and it happens to coincide with a PUSCH transmission that is outside the configured bandwidth of SRS, then the network needs to implement double decoding to handle both the case when SRS has been sent and the case when it has not been sent.

For the time being these problems can either be avoided by using specific configurations or by simply ignoring these cases and accepting some degradation of the data throughput. But in the long term this is not an acceptable situation and needs to be resolved.

Observation 3: There is an unnecessary complexity in the eNB because of the optionality of the periodic CSI/SRS reports.

3.3 Complex Specification

The following cases are not handled by the existing note:

A. According to the specification CSI/SRS must always be reported when the onDurationTimer is running. But we may have the case that the UE does not know well in advance whether it is in short or long DRX cycle and hence the UE cannot in all cases predict whether the onDurationTimer is running (in short DRX cycle onDuration will occur more often than in long DRX cycle).
See the following example for when this will cause a problem.

Example:

The UE is in Active Time in subframe n because an UL grant for a pending HARQ retransmission can occur (or for some other reason), and the drx-InactivityTimer is not running.
· The drxShortCycleTimer has recently expired or will expire at the latest at subframe n+1.
· drx-InactivityTimer = 1, onDurationTimer = 3.
· The onDurationTimer for the short DRX cycle (but not the long cycle) is will start at subframe n+2.

1. PDCCH is received in subframe n:

· Subframe n: UE is in Active Time:
drx-InactivityTimer is started.
· Subframe n+1: UE is in Active Time:
drx-InactivityTimer expires at the end of this subframe.
· Subframe n+2: UE is in Active Time:
drxShortCycleTimer is started ( UE moves to short DRX cycle ( onDurationTimer is started (for the short DRX cycle).
· Subframe n+3, n+4: UE is in Active Time.

2. PDCCH is not received in subframe n:

· Subframe n: UE is in Active time:
· Subframe n+1, .., n+4: UE is not in Active Time (onDurationTimer is not running).
As the example shows the UE will not know well in advance whether subframes n+1 .. n+4 will be in Active Time or not.
B. There are cases that are known by the UE 4 subframes in advance and which with the existing note will give the UE optional behaviour. This is clearly a non-optimal specification. The following case is not handled by the existing note:

· The UE is in active time when: "an uplink grant for a pending HARQ retransmission can occur and there is data in the corresponding HARQ buffer", which is a case that is known well in advance by the UE. But still, according to the note, there will be cases when the UE will not send CSI/SRS during this time, and therefore this exception is missing in the existing note in the specification and causes unnecessary optionality for the UE.

C. There are also parts of the note that can be considered contradictory:

· There is a statement that the choice not to send CQI/PMI/RI/PTI and/or SRS is not applicable for subframes n-i to n. But what if the subframes n-i to n are already part of a period of optional CSI/SRS behaviour from a previous extension? A reasonable assumption is that the optional behaviour still applies, because otherwise the requirement becomes impossible to achieve. So what this case shows is that we have two contradictory requirements, and it is not obvious in the note which one has precedence over the other.
Observation 4: The existing note on optional behaviour for reporting periodic CSI/SRS is incomplete.
4 Proposal

This paper has shown that there are many problems with the existing specification for how to handle reporting of periodic CSI/SRS in combination with DRX state changes.

The problem with the complex specification can be traced to the allowed optional behaviour given to the UE for when to send periodic CSI/SRS.
If we would consider removing the optional UE behaviour and instead require that the UE will send periodic CSI/SRS after a certain guard period of DRX Active Time then we would get rid of the optional behaviour and we will handle all cases of when DRX Active Time will start or stop.

It is an advantage to send periodic CSI/SRS when traffic is ongoing, because this will improve the link adaptation, and therefore, even though this proposal may send CSI/SRS after Active Time has ended, it will still benefit the overall system performance since traffic is ongoing. Hence, we propose the following:
Proposal 1: When not in Active Time the UE shall not report CSI/SRS in the fourth subframe or later after Active Time ended.
Note that with this proposal the existing note given in the DRX section of the MAC spec, which gives the UE optional behaviour for the periodic CSI/SRS reporting, can be removed; and also the clause saying that CSI/SRS shall not be reported when the UE is not in Active Time must be removed.

Also, as has been shown in this document, transmission of periodic CSI/SRS during long DRX cycle is not useful and causes unnecessary processing cost, interference and battery usage. Therefore we also propose the following:
Proposal 2: The UE shall not report CSI/SRS in the fourth subframe or later after the drxShortCycleTimer has expired and until four subframes after the drxShortCycleTimer is started again.
Note that if a short DRX cycle is not configured then proposal 2 does not apply, and, hence, there is no stopping of periodic CSI/SRS when only the long DRX cycle configured.

See the CR [3] for a proposal of how the MAC specification may be updated according to what is suggested in this document.

5 Summary
Observation 1: Too few periodic reports will be generated while the UE is in short DRX cycle.
Observation 2: Too many periodic reports will be generated while the UE is in long DRX cycle.

Observation 3: There is an unnecessary complexity in the eNB because of the optionality of the periodic CSI/SRS reports.
Observation 4: The existing note on optional behaviour for reporting periodic CSI/SRS is incomplete.

Proposal 1: When not in Active Time the UE shall not report CSI/SRS in the fourth subframe or later after Active Time ended.

Proposal 2: The UE shall not report CSI/SRS in the fourth subframe or later after the drxShortCycleTimer has expired and until four subframes after the drxShortCycleTimer is started again.
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7 Annex
7.1 Periodic CSI/SRS transmission during long DRX Cycle

It is in principle possible to avoid the transmission of periodic CSI/SRS at the same time as the onDurationTimer is running by using the following specific configuration:

· The periodicity of the CSI/SRS cycle is a multiple of the short DRX cycle or the short DRX cycle is a multiple of the CSI/SRS cycle, and the CSI/SRS cycle offset is different from the short DRX cycle offset.

However using the above configuration has a number of disadvantages, such as:

· Often it is advantageous to align CSI/SRS reporting with the onDurationTimer because this is a time period that the UE is always in Active time, and hence the reporting of periodic CSI/SRS will always happen.

· The duration of the onDurationTimer must be short for this configuration to useful in practice and it is not always the case that the onDurationTimer duration value is set to a small value.

· It can be difficult in a real system to configure CSI/SRS and DRX with the above restrictions, because usually the periodicity of CSI and SRS will be different and the periodicity may also depend on the specific type of traffic that is used. Also, for the DRX cycle it may require different configurations depending on what type of traffic that is currently ongoing and the setting is usually a trade-off between latency requirements versus battery savings in the UE. Furthermore, different periodic CSI/SRS reporting periodicities and offsets can be used to avoid collisions of periodic CSI/SRS reports. Having many periodic CSI/SRS configurations adds to above described difficulties.
It may also be possible to configure the system so that CSI/SRS reporting will be done in a subset of the short DRX cycles when the onDurationTimer is running and furthermore to ensure that CSI/SRS reporting is never done when the onDurationTimer is running for the long DRX cycle, by using the following configuration:

· The periodicity of the CSI/SRS is a multiple of the short DRX cycle and is greater than the short DRX cycle, and also the DRX cycle offset is set so that the CSI/SRS reporting will never coincide with the time when the onDurationTimer is running for the long DRX cycle.

However, using such a configuration requires that the short DRX cycle is smaller than the cycle of CSI/SRS reporting, and it is usually not a practical configuration because if the short DRX cycle is set with a too small periodicity then the battery saving for the UE will be very limited.
7.1.1 Example of Periodic CSI/SRS transmission during long DRX Cycle

An example of a traffic scenario where the periodicity of the CSI/SRS reports are not aligned with the DRX cycle:
If we have a traffic pattern of interactive data where the UE or the network has some data to send on average every fifth second and during the remaining time it is sleeping in long DRX cycle.

· The long DRX cycle is set to 320 ms and the duration of the onDurationTimer is set to 1 ms.

· Periodic CSI is reported once every 20 ms (the periodicity of the report).

· Periodic SRS is reported once every 5 ms (the periodicity of the report).

                During this 5 second period we have:

· Number-Of-Active-Subframes = 5000 / 320 = 15
· Average-Number-Of-CSI-Reports = 15/20 = 3/4 (when CSI happens to align with the onDurationTimer)

· Average-Number-Of-SRS-Reports = 15/5 = 3 (when SRS happens to align with the onDurationTimer)
Hence, we will on average have 3/4 + 3 = 3.75 unnecessary uplink transmissions during this five second period and during each minute period there will be (3.75 * 12) = 45 unnecessary transmissions.
Note that in this example the duration of the onDurationTimer is set to one millisecond, but if a longer onDurationTimer duration is used then more unnecessary reports will be sent, if for instance a 2 ms onDurationTimer period is used there will on average be 90 unnecessary transmissions each minute.
Another common configuration is to align the periodic reports with the onDurationTimer, and with such a configuration we will get 15 unnecessary uplink transmissions during the five second period. This means that we will get (15 * 12) = 180 unnecessary transmissions each minute.
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