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1. Introduction
This contribution discusses the remaining details of UE processing requirement for supporting CoMP, especially with respect to the value of maximal number of CSI processes (i.e., “X”) to be supported in single carrier operation in the following proposal [1], as well as the two alternatives for the CA+CoMP case.
Proposal:
· The valid CSI reference resources are periodically occurring with a periodicity of 5ms

· The valid CSI reference resource subframe offset is 

· Baseline: determined by the offset of the IMR of the first CSI Process  (of the component carrier)

· FFS: If offset should instead  be determined by either of 

· the offset of the NZP CSI-RS of the “first” CSI Process (of the component carrier)

· the  offset of the ZP CSI-RS of the “first” CSI Process (of the component carrier)

· For both periodic and aperiodic CSI reporting in subframe N, the CSI reference resource is the first valid CSI reference resource occurring on or prior to subframe

· N-4, in case of 1 configured CSI processes (of a component carrier)

· N-6, in case of 2 or more configured CSI processes  across CCs

· In single carrier operation, configuration of at most X CSI Processes is supported

· Alt1 X=3,

· Renesas, Mediatek, ALU, ASB, Nokia, NSN, QC, LGE, TI, MotM, Samsung, Panasonic, 

· Alt2 X=4
· E///, ST-E, NPC, HW, HiSi, Intel, ZTE, Docomo (4 too small), Fujitsu, NEC
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· In case carrier aggregation and CoMP are agreed to be supported simultaneously

· At most X  CSI Processes are configurable for a specific component carrier (cell index)

· In case of multicarrier, at most 

· Alt1 2X CSI Processes are configurable in total for all configured component carriers

· Alt2 The number of processes is UE capability
Working assumption:
Maximum number of IMRs that can be configured for one UE:

· 3

Revisit after agreeing max number of CSI processes …
2. Discussion – Single Carrier Case
Valid CSI reference resources
The proposal of 5ms periodicity for CSI reference resources is to relax UE processing to only updating CSI every 5ms. Since the proposal mentions IMR, it implies that the proposal is only for Rel-11 CSI process. The valid CSI reference resource is defined by the offset of IMR, rather than NZP CSI-RS, of the “first” CSI process, since the interference may vary more dynamically and thus it is desirable to capture the CSI with the latest IMR. Whatever the definition of CSI reference resource is, it will not affect the UE processing complexity.

Processing time 
The proposal also defines that for both periodic and aperiodic CSI reporting in subframe N, the CSI reference resource is the first valid CSI reference resource occurring on or prior to subframe N-6, in case of 2 or more configured CSI processes across CCs. This effectively specifies that the UE has 5ms-TTA (timing advance) for processing multiple CSI processes.  This is compared with 3ms- TTA in Rel-8/9/10 for a single CSI process. 

The 5ms- TTA is less than twice of the 3ms- TTA budget allowed in Rel-8/9/10, so assuming the same UE processing power, a UE can process only 2 CSI processes within 5ms- TTA. No matter of which of the maximum X=3 or 4 CSI processes is agreed, UE needs to increase its CSI processing power significantly in order to meet the new requirement.

Moreover, to prepare for an aperiodic trigger sent at subframe N-4 and then able to feedback at subframe-N, the UE needs to continuously process the CSI at each 5ms interval regardless of whether any aperiodic report will be triggered or not. So, a dedicated CSI process engine will have to run all the time, which is not the case in Rel-8/9/10 for aperiodic feedback.

System need
For 2 TP, we see the need for the following 5 potential CSI processes:

Table 1. CSI processeses for 2-TP case

	
	Description

	CSI process #0
	NZP CSI-RS: TP1, IMR: TP2 + out-of-set interference measurement 

(Corresponding transmission scheme: DPS with TP1 selected)

	CSI process #1
	NZP CSI-RS: TP2, IMR: TP1 + out-of-set interference measurement 

(Corresponding transmission scheme: DPS with TP2 selected)

	CSI process #2
	NZP CSI-RS: TP1, IMR: out-of-set interference measurement 

(Corresponding transmission scheme: DPB with TP1 selected and TP2 blanking)

	CSI process #3
	NZP CSI-RS: TP2, IMR: out-of-set interference measurement 

(Corresponding transmission scheme: DPB with TP2 selected and TP1 blanking)

	CSI process #4
	NZP CSI-RS: TP1+TP2 (configured as the 3rd CSI-RS resource), IMR: out-of-set interference measurement 

(Corresponding transmission scheme: JT from both TP1 & TP2)


So it is understandable that defining a max of X=4 CSI processes can provide eNB with CSI for all possible DPS/DPB schemes but not JT. However, we think that, assuming RSRP for TP1 is larger than that for TP2, having only process #0, 1, 2 is also adequate most of the time. Similarly if RSRPTP2>RSRPTP1, process #0,1,3 might become sufficent. If both RSRPs are exactly the same, either {#0,1,2} or {#0,1,3} is adequate or JT might be more suitable than DPS/DPB.

For 3-TP, there will be 19 different schemes even without including CBF, each of which will have a different CSI since either the channel or interference part will be different from each other:

· 6 cases for DPS w/ muting of only one TP (interference from 1 intra-set TP) 
· 3 cases for DPS w/ muting of two TPs (interference from out-of-set) 

· 3 cases for JT with 2 TP transmitting and the other TP muting  (interference from out-of-set) 

· 3 cases for JT with 2 TP transmitting and the other no muting (interference from 1 intra-set TP)

· 1 cases for JT from all 3 TPs (interference from out-of-set) 

· 3 cases for DPS w/o muting (interference from 2 intra-set TP) 

We see the two underlined scenarios being the most likely configuration, i.e., each having three CSI processes configured.
Proposal #1: For both 2-TP or 3-TP cases, we see that at most X=3 CSI processes are adequate for a specific component carrier (cell index)
3. CA+CoMP
The two alternatives provided in the proposal are:

· Alt:  2X CSI Processes are configurable in total for all configured component carriers

· Alt2:  The number of processes is UE capability
It is possible for a network to have CoMP for all the component carriers. So to support up to 5 CC, UE in theory needs to be able to update CSI for all CCs. But the RF challenges limit the practical CA in Rel-11 to 2-CC in DL and 1-CC in UL. Even when a UE can compute CSI for all 5 CCs, there could be frequency CSI feedback collisions since all cells use Pcell for UCI feedback.

Proposal #2:  It seems that 2X CSI processes is a reasonable limit for UE supporting both CA and CoMP. 

4. Conclusion 
In this contribution, we discuss the necessary signaling to resolve the remaining issues of the control signaling:

· 2 bit DCI field to indicate CRS rate matching

· PDSCH starting symbol indication 

· Signaling of the CSI-RS resource that can be assume quasi co-located with PDSCH DMRS

· Aperiodic CSI triggering

We have the following proposals:
Proposal #1: For both 2-TP or 3-TP cases, we see that at most X=3 CSI processes are adequate for a specific component carrier (cell index)
Proposal #2:  It seems that 2X CSI processes is a reasonable limit for UE supporting both CA and CoMP. 
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