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Discussion and decision
1 Introduction
In the discussions on DRX during RAN2#57, it became clear that before taking any detailed decision on how DRX would be handled in LTE, it would be important for RAN2 to understand the interaction with L1 aspects like CQI reporting and power control signalling.
Given the large uncertainty in RAN1 w.r.t. how UL power control will be handled, we consider it too early to make a detailed assessment of the relation between UL power control resource allocation and DRX.

In this contribution we do try to address the relation between DRX and CQI reporting, especially in relation to the resources required for CQI reporting.
2.
PUCCH capacity

The details of CQI reporting have not really been agreed yet in RAN1. We assume CQI will be transmitted on the PUCCH. In [3] we indicated our assumptions:

· 12 codes (12 Cyclic shifts of ZC sequence) per RB allocated to PUCCH

· Transmission of one 5-bit wideband CQI uses 1 code

· Transmission of one 15-bit subband CQI uses 3 codes

As a result, with an 8% UL control overhead for CQI reporting (2 RB’s in a 5Mhz system), this means we can handle 24 wideband CQI’s or 8 subband CQI per subframe.

One can wonder whether having this amount of CQI reporting means that we have sufficient CQI reporting resources for all situations or whether this means that CQI resources are quite scarce ? The answer depends on quite a few assumptions. Let’s assume:

1) During VOIP, the UE should transmit a wideband CQI every 50ms.

2) During data bursts, the should transmit a subband CQI every 5ms
3) Based on the work in [4], a quite highly loaded 5Mhz cell would be handling in busy hour:

· 3500 users

· 175 speech calls in parallel

· 50 data transmission going on “in parallel” 

If we assume a simple CQI resource allocation scheme which allocates PUCCH resources every 5ms during 5sec for downloading one 0.5Mb webpage, we would need (175/50(for speech) + 50/5 (for web page download) = ) 3.5 wideband CQI and 10 subband CQI per subframe. This is not possible in 8% (would require something like 11.2%).
Note that even 8% UL control overhead can probably be considered high due to other UL overhead signaling. Based on [3], the following UL overhead is assumed to be present in addition:

1. Demodulation reference transmissions: 14% 
(assuming 1 symbol every slot)

2. Sounding reference transmissions: 

3.5% 
(assuming 1 symbol every 2 sub-frames)

3. aRACH: 








5% 
(assuming 2 aRACHs every frame)
4. ACK/NACK transmissions: 



6%  
(assuming 18 ACK/NACK’s per TTI, 18/24*8%)

5. SR transmissions:






1.5%
(assuming CQI and SR are allocated during the same time, and 













  

            10ms periodicity for SR: 225/10* (1/5/24 *8%))

With this preliminary overhead calculation, even without CQI reporting we already have an overhead of 30%
. As concluded in [3], the UL overhead could be considerable and should be carefully considered.

Note that instead of the above calculation that is based on 12 codes per RB, in practice the number of usable codes might be lower, even as low as 6, which would deteriorate the situation further.

Consideration 1:
Resources available for CQI reporting over PUCCH will be scarce and should be allocated/managed carefully.
3.
Relation between DRX control and CQI reporting

3.1. Introduction
During LTE_ACTIVE, the UE may have smaller or larger inactivity periods (DRX periods). Although the UE will normally wake up periodically to check for DL activity, in general it is not known upfront when inactivity and activity periods will take place. This makes it extremely difficult/impossible to always allocate CQI reporting resources upfront so that they can be used whenever UE activity resumes.  E.g. it seems unlikely that when having data services ongoing, and increasing to a DRX larger than e.g. 100ms, the system can afford to keep the CQI resources allocated every 5 or 10ms.

Thus while it is possible to start a period of activity “implicitly” e.g. based on the arrival of uplink/downlink data, still in many cases explicit CQI related control signaling will be required to configure the CQI resources. As a result, management of DRX and CQI-resources is expected to be quite independent.
Consideration 2:
From a control point of view, it seems not possible to have a direct coupling between UE DRX and CQI reporting: probably both will need to be managed quite independently with DRX transitions often dependant on implicit actions (e.g. arrival of data) and CQI resource control mainly reliant on explicit network control based on RRC/MAC signaling.
In order to avoid this high frequency of CQI control signaling, we will investigate the handling of CQI reporting for different services in more detail in the next sections.
Note 1: 
In this contribution we assume that during DL-SCH inactivity (DRX period), the UE does also not perform CQI reporting. I.e. the DL-SCH DRX supersedes the usage of allocated CQI PUCCH resources.
3.2.
VOIP

If we have a 20ms or 40ms DRX during the VOIP call (to listen to UL and DL allocation on DSCCH), we can probably afford to allocate one PUCCH code every 40ms (wideband CQI) during the complete lifetime of the voice call. 
How much this PUCCH resource will actually be used will in principle depend on the scheduler operation:

· If the scheduler wants to fully optimize for optimize for UE power consumption, the scheduler might try to allocate UL data transmission as much as possible at the same time as the PUCCH resources. In this case, every time there is an UL data transmission, the CQI will be transmitted “together with the data” rather than on the PUCCH.

· If the scheduler wants to fully optimize UL resource usage, and thus not allocate resource for CQI reporting together with the speech data (because there is already PUCCH resources reserved), the scheduler should attempt to allocate the UL transmissions at different subframes from the PUCCH allocations.

Consideration 3:
For VOIP like services with a periodic activity and a low DRX, it might be possible to handle all CQI reporting over PUCCH, and have the PUCCH resource allocation ensuring that the UE can always use these resources when coming out of DRX.
3.3.
TCP traffic
This type of potentially high rate traffic, would potentially benefit from very frequent CQI reporting when there is a lot of DL activity (e.g. every 5ms).
Note that the number of packets transmitted in both directions (UL/DL) is always quite balanced with TCP due to TCP acknowledgements: normally 1 TCP ACK is transmitted for 2 TCP data PDU’s. Thus even if there is DL data transport only, still there will be a lot of UL activity.
We could again allocate PUCCH resources periodically around the data downloading. However this type of solution seems suboptimal because:

1. Subband specific CQI reports will eat up PUCCH resources quite quickly
2. If we allocate the PUCCH resources efficiently, thus only when there is a lot of DL activity, at these times there will also be a lot of UL transmissions and thus most of the time we might not use the allocated PUCCH resources. Instead most of the time, the CQI reporting would be performed on UL-SCH anyway.
Therefore rather than allocating a considerable amount of PUCCH resources for CQI reporting, it might be preferable to use reporting on UL-SCH more frequently and e.g. configure the UE to include a subband CQI report with every x-th UL data transmission on UL-SCH (x is e.g. 2), or every y ms (y e.g. being 5ms).
The main advantage of CQI reporting over UL-SCH is in this case that we will automatically get more reports when the DL activity increases.

Any solution relying on UL data for CQI reporting will result in a situation in which the CQI periodicity is less predictable (because it will depend on service characteristics). This drawback could be partly overcome by still allocating some CQI resources on PUCCH. E.g. during TCP data transport, PUCCH could be configured for wideband CQI reporting with a somewhat longer period.
Consideration 4:
For services based on TCP, it seems advantageous to use a combination of CQI reporting over PUCCH and UL-SCH.
3.4. Other data traffic (e.g. UDP streaming)
Much of the data traffic (probably most) will behave as indicated in section 2.2.. However we might also have traffic which is truly 1 direction, or traffic where UL and DL activity are not necessarily going on in parallel. If the transport is only DL, it seems we cannot escape from periodic PUCCH resource reservation during data transmission times.
Consideration 5:
For non-TCP services with highly unidirectional traffic characteristics, CQI reporting might have to rely mainly on transport over PUCCH.
4. Proposal
Given the above reasoning, in order to limit the allocation of scarce PUCCH resources, we propose to agree on the following aspects:
1. DRX control and CQI-resource allocation will be managed quite independently

· Whereas DRX control might heavily rely on implicit triggers (e.g. arrival of UL/DL data, inactivity periods), CQI-resource control will be mainly performed based on explicit RRC/MAC signalling;
2. CQI reporting can be configured for PUCCH as well as for UL-SCH

· Configuration of CQI reporting over PUCCH (with fallback to UL-SCH due to single carrier property) will mainly be used for asymmetrical services or services with relatively low CQI-reporting demand;

· Configuration of CQI reporting over UL-SCH will mainly be used for symmetrical services with high CQI reporting demand;
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� 	Impact of MIMO is currently unclear; the number of bits to be reported might increase in case of MIMO, however if MIMO is only used in good radio conditions, the required number of time/freq/code resources does not necessarily increase.


� 	Assuming that the downloading of a webpage of 0.5Mb would require a CQI resource allocation for 5s, 3500 users performing 2 NRT calls per hour, each containing 5 webpage downloads would result in parallel CQI reporting by (3500*2*5*5/3600)= 50 UE’s. Note that these numbers are very dependant on the scheduler and the flexibility of CQI resource allocation. Thus this is only a rough estimate.


� Assuming no re-use of RACH resources
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