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1. Introduction
In 3GPP RAN1 #70 meeting, issues about limiting UE complexity requirement were discussed. Two options were proposed to limit the peak processing complexity: restricting the configuration of CSI-RS and IMR or introducing periodic CSI reference resource. In this contribution, our views on these two options are provided. Furthermore, how to determine the offset of periodic CSI reference resource in TDD is also considered.
2. Periodic CSI reference resources
Issues about limiting UE complexity requirement has been discussed in CoMP. Besides limiting the maximum number of CSI processes configured for a UE, other options are also proposed. The options include [1]:
· Option 1: Restricting the configuration of CSI-RS and IMR for periodic occurrence of IMR and/or CSI-RS.
· Option 2: Defining periodically occurring CSI reference resources.
By option 1, instances of CSI-RS and/or IMR are restricted to occur only every N ms, e.g., N = 5. The UE will need to calculate the CSI of a process only every N ms, since there is no update for channel or interference measurement within N ms. Even if aperiodic reporting of a process is triggered several times during this interval, the CSI of the reporting is not necessary to be recalculated. Consequently, the worst UE complexity is limited. 
By option 2, CSI reference resource is defined to occur every N subframes in time domain. The UE only needs to recalculate CSI of a process in every N subframes, even if there are CSI-RS and/or IMR are received at UE during this period of time. It includes the case that CSI-RS and IMR are not configured within the same subframe. Let us consider an example, where the period of CSI reference resource is 5 ms and the subframe offset is 0, which means the valid subframes for CSI reference resource are subframe 0 and 5. The example is shown in Figure 1. As shown in Figure 1, aperiodic reporting of a CSI process is triggered twice on subframe 7 and subframe 8. The CSI of the second aperiodic reporting needs not to be recalculated, since it is based on the same valid CSI reference resource as the first one. Therefore the worst UE complexity is decreased. Additionally, in the case of aperiodic reporting triggered on subframe 7, time from triggering to reporting is 4ms, i.e subframe 1 for reporting at the next radio frame. In this case, time from valid CSI reference resource to reporting is 6ms. Additional processing time of 2ms is achieved by defining periodically occurring CSI reference resource. 
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Figure 1: Example of periodically occurring CSI reference resource
Although periodically occurring CSI reference resource can effectively limit UE complexity, its application in TDD needs further consideration. As it is proposed, the valid CSI reference resource subframe offset is determined by offset of IMR or NZP CSI-RS resource or ZP CSI-RS resource of the first CSI process, and period of 5 ms is preferred by proposing companies [2]. 
The problem is that, not all the UL/DL configurations of TDD are with period of 5ms, e.g. uplink-downlink configuration 3. The example is shown in Figure 2, assuming period CSI reference resource subframe offset is equal to IMR offset of the first CSI process for better interference tracking. For IMR of the first CSI process, period is 10ms, and subframe offset is 7. According to the definition, i.e. period of CSI reference process is 5ms, valid CSI reference processes should occur at subframe 7 and subframe 2 of each radio frame. But for UL/DL configuration 3, subframe 2 is an uplink subframe, which is not a valid downlink subframe. According to the available rules, all CSI reporting based on CSI reference resource on subframe 2 would be linked to a most recent valid CSI reference resource, which is on subframe 7 in last radio frame. This may enlarge the delay of CSI reporting. Alternatively, the most recent valid DL subframe, such as subframe 1(when DwPTS is longer than 
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) or subframe 0 is linked as CSI reference resource. By this way, the period of CSI reference process becomes not evenly and the shorter one may request the actual UE complexity which could be higher than the case of 5ms. 
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Figure 2: Example of periodically occurring CSI reference resource in TDD
3 Periodic reference CSI resources in TDD 
To make periodically occurring CSI reference resource work well in TDD, there are two alternatives to determine the subframe offset of valid CSI reference resource:
· Alt.1: Fixing subframes for periodically occurring CSI reference resources in TDD.
· Alt.2: Determining subframe offset separately for each uplink-downlink configuration.
For Alt.1, the fixed subframes should be downlink subframes for all uplink-downlink configurations. Throughout all the uplink-downlink configurations, there is only one pair of subframes, subframe 0 and subframe 5, which always are downlink subframes. Subframe 1 and subframe 6 may also be valid for CSI reference resources. But subframe 1 is a special subframe for all uplink-downlink configurations, and subframe 6 is also a special subframe for uplink-downlink configuration 0, 1, 2, and 6. When the length of DwPTS field for the special subframe is not greater than 
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, the special subframe cannot be a valid downlink subframe for CSI reference resource. Therefore only subframe 0 and subframe 5 can be guaranteed for periodically occurring CSI reference resource. 
For Alt.2, subframe for valid CSI reference resource could be determined by the following equation:
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where 
[image: image6.wmf]f

n
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 is the offset of the periodic CSI reference resource which is determined by IMR/NZP CSI-RS/ZP CSI-RS of the “first” CSI process, 
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 is the offset correction factor. Mapping from 
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Table 1: Mapping from 
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	0
	0
	0
	1
	2
	-2
	-1

	1
	0
	0
	1
	2
	-1
	0

	2
	0
	0
	1
	-1
	0
	0

	3
	0
	0
	1
	2
	3
	4

	4
	0
	0
	1
	2
	-1
	0

	5
	0
	0
	1
	-1
	0
	0

	6
	0
	0
	1
	2
	-2
	-1


Figure 3 shows a usage example of the mapping manner in Table 1. In this example, uplink-downlink configuration 3 is assumed. Offset of the periodic CSI reference resource ΔCSI_ref is determined as 2. CSI reference resources should occur on subframe 2 and subframe 7 in each radio frame according to ΔCSI_ref if offset correct factor is not used. When offset correct factor 
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. Periodic CSI reference resources occur on subframe 0 and subframe 5, which are downlink subframes in uplink-downlink configuration 3.
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Figure 3: Example of Alt.2
Formula(1) and Table.1 in Alt.2 follow the principle which aim to find the most recent valid downlink subframe around the CSI reference resource according to its subframe offset. It provides more options of subframe offsets for periodic CSI reference resource compared with Alt.1. 
As solutions of subframe offset determination for periodic CSI reference resource in TDD, Alt.1 and Alt.2 guarantee the occurring of CSI reference resource with period of 5ms on downlink subframes for all uplink-downlink configurations. This makes periodic CSI reference resource work in TDD as well as in FDD and keeps similar UE complexity in the extreme cases.
Proposal 1: If periodic CSI reference resource is supported, in TDD, subframes of CSI reference resources could be fixed to 0 and 5; or subframe offsets can be separately mapped for different uplink-downlink configurations.
4 Conclusion
In this contribution, we discuss the method of limiting UE processing complexity. Application of periodically occurring CSI reference resource in TDD is also discussed. According to the discussion, we propose:
Proposal 1: If periodic CSI reference resource is supported, in TDD, subframes of CSI reference resources could be fixed to 0 and 5; or subframe offsets can be separately mapped for different uplink-downlink configurations.
5 References

[1]. R1-122350, “On CSI feedback processing complexity in CoMP”, Renesas Mobile Europe Ltd. Prague, Czech Republic, 21st – 25th May 2012.
[2]. R1-123931, “Way forward on limiting UE complexity for CoMP CSI processing”, Ericsson, ST-Ericsson, Nokia, Nokia Siemens Networks, Renesas, Qualcomm, Samsung, Qingdao, China, 13th-18th August 2012.
_1410344206.unknown

_1410344212.unknown

_1410344236.unknown

_1410365680.unknown

_1410419773.unknown

_1410419784.unknown

_1410344237.unknown

_1410344238.unknown

_1410344216.unknown

_1410344217.unknown

_1410344213.unknown

_1410344208.unknown

_1410344209.unknown

_1410344207.unknown

_1410344204.unknown

_1410344205.unknown

_1410344203.unknown

