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1. Introduction
Some CQI and PMI resource management is considered useful to minimize the number of PUCCHs needed to support CQI and PMI reporting.  It is proposed that each PUCCH be persistently scheduled for CQI or PMI reporting using a special scheduling grant (SG) as well as using two bits on the downlink scheduling grant or sent as in-band signaling.  The special SG is called a PUCCH SG and indicates the assigned PUCCH and CQI/PMI reporting attributes for some number of sub-frames.  The other tool for persistently scheduling PUCCHs are two bits (e.g. sent on downlink scheduling grants) to indicate that CQI or PMI reporting should continue for some number of sub-frames using reporting attributes previously signalled via the PUCCH SG or to indicate that reporting should stop and the PUCCH resource(s) be released.
2. PUCCH Persistent Scheduling Grant (PSG)
The PUCCH SG payload size is chosen to be equal to an uplink scheduling grant to reduce UE complexity in terms of blind detections.  The location of the PUCCH SG is assigned to a known location in terms of control channel elements (CCEs) and can either be of size 3 CCEs or 8 CCEs thus requiring only two more BDs above what is necessary to detect the normal downlink and uplink scheduling grants.
· PUCCH SG

· Same size as UL SG (e.g. 36-bits for 5 MHz carrier)

· Assigns PUCCH for reporting CQI or PMI in persistent manner
· Sets CQI or PMI reporting attributes to be used with assigned PUCCH

· Known CCE locations in control region are used. 

· The PDCCH for the PUCCH SG is either 3 or 8 CCEs (only 2 additional BDs)

· CRC is masked with UEID
· Payload Description:

· 1-bit – SG type (CQI or PMI)

· 3-bits – Reporting granularity (2, 3, 5, 10, wideband)

· 2-bits – Report type: (NB 5-bits or 10bits); PMI (5-bits or 10-bits)

· 8-bits – PUCCH assignment (allows selection of one of 12*16=192 PUCCHs)

· 5-bits – reporting interval description bitmap indicating which sub-frames to report on in each 5ms reporting interval; 1st bit of bitmap relative to sub-frame of PUCCH SG.
· ‘00000’ indicates CQI or PMI is sent every 20ms

· 1-bit – grant duration; k=100 sub-frames or (k=1000 sub-frames or entire VoIP talk spurt)
· 16-bits – UEID masked CRC

3. PUCCH Scheduling Update (PSU)

The other tool for persistently scheduling PUCCHs are two bits to indicate whether reporting of CQI or PMI should continue for some number of sub-frames using previously signalled reporting attributes via the PUCCH SG or to indicate that reporting should stop.  The bits could be sent on downlink scheduling grants or could be included in the packet transmission itself as in-band signaling.  In the case of using a SG the state of the PSU is kept the same in the SGs for a given packet. If the packet is dropped then the eNB assumes that the PSU was not received by the scheduled UE.
· PUCCH Scheduling Update
· Two bits indicate continuation of PUCCH assignment and reporting of CQI/PMI or indicate to de-assign the PUCCH and  terminate reporting

· 1-bit – Continue reporting of CQI for k more sub-frames or terminate reporting
· 1-bit – Continue reporting of PMI for k more sub-frames or terminate reporting
4. PUCCH management

By using the PSG and PSU it is possible to keep the PUCCH assignments efficiently packed in the outer most uplink PRBs reserved for PUCCHs such that any PRBs reserved for PUCCHs that go unused for a given sub-frame can be dynamically scheduled for data.
· UE accesses system

· UE transmits preamble on RACH

· AICH is received (DL SG points to DL payload region containing UL SG)

· AICH is 24-bit SG to minimize impact on CCH resources

· Wideband CQI, service QoS & Buffer info included in AICH initiated UL transmission

· PSG is used to set up CQI reporting based on service type (QoS, Buffer info)

· Location of PSG is known to all UEs and size is either 3 or 8 CCEs

· UE specific CRC ensures only 1 UE can decode at a time

· PSG is used to set up PMI reporting if necessary

· Subsequently either PSU sent on DL SG or PSG serve to update CQI/PMI reporting grant

5. Conclusions
This contribution has proposed two tools (PSG and PSU) for efficiently managing PUCCHs used for CQI and PMI reporting.  The PSG and PSU allow efficient use of the PUCCH and PDCCH resources by allowing persistent scheduling of PUCCHs for CQI or PMI reporting and flexible assignment of PUCCHs for efficiently packing PUCCHs to outermost PRBs of those uplink PRBs reserved for PUCCHs such that sub-frames with unused PUCCH PRBs can be dynamically scheduled for data [3]. 
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Figure 1 – UE1 reports periodic CQI using assigned PUCCH and will continue reporting for k subframes after receiving a DL SG with PSU=1.  When UE1 receives a DL SG with PSU=0 then it will stop reporting periodic CQI on its assigned PUCCH once the corresponding packet j is received successfully.  All DL SGs associated with packet j will have the same PSU state.  Finally the unused PUCCH slot is assigned to another UE (UE3) for CQI reporting.
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Figure 2 – Resource blocks 1,2,24,25 are reserved for PUCCHs but due to loading it is possible to pack all PUCCHs in slot 1 of RB2 and PUCCHs in slot2 of RB24 into RB1 and RB25 with PSG such that slot 1 of RB2 and slot 2 of RB24 can be subsequently scheduled for data transmissions.





































