3GPP TSG RAN WG1 Meeting #70

R1-123241
Qingdao, China, August 13-17, 2012

Source:
KDDI

Title:
Views on Remaining Issues of PUCCH Resource and Sequence
Agenda Item:
7.5.5.3
Document for:
Discussion and decision
1. Introduction
After RAN1#69, an email discussion “[69-14] Remaining details of PUCCH sequence and resource” was held to make progress on PUCCH sequence and resource for UL CoMP. After that, it was concluded that more discussion is necessary for the following two aspects:
· Common or separate virtual cell IDs (VCIDs) for PUCCH formats, and
· Introduction of 
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In this contribution, we share our further analyses on these topics focusing on CoMP scenario 4.
2. Common or separate VCID for PUCCH formats
For the better understanding, we illustrate an example of different connection between PUCCH formats in Figure 1. In this figure, it is shown that CQI (i.e. PUCCH format 2) is received by RRH while HARQ-ACK (i.e. PUCCH format 1a/1b) in response to DL transmission is received by Macro eNB. Of course, the reception points are transparent to the UE, and hence the difference is VCID to generate PUCCH sequence for each PUCCH format. 
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Figure 1 Example of different connection between PUCCH formats 

The identified motivation in the email discussion to introduce this mechanism is summarized as following:
· The delay sensitivity is different depending on the PUCCH contents.
· Scheduler would be complicated to avoid PUCCH resource collision.

· Interference avoidance in case of the coexistence of legacy UEs.

We think these motivations make sense and should be positively considered. However, a potential problem exists. Namely, the power control process is common for all PUCCH formats except for the format dependent compensation in the current specs, i.e. 
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· 
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Figure 2 C.D.F. of Average Received Power for PUCCH at minimum-pathloss Rx point (P0_PUCCH= -106 dB)

Figure 2 shows simulation results for the average received power at the single reception point for CoMP scenario 4, where CRS are transmitted by SFN fashion. Note that the reception point is selected to satisfy the minimum pathloss value. The label “border UEs” means the UEs that the RSRP is maximized by macro while the pathloss is minimized by pico. From this result, it is demonstrated that the gap of reception power from the target, i.e. P0_PUCCH, will reach 16 dB at maximum, which corresponds to the Tx power difference between macro eNB and pico eNB. 
This enormous gap should be compensated by closed-loop TPC, but it is difficult by the current specs because the TPC command is common for all PUCCH formats. Another alternative is to utilize 
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, however, supported range is [-2, 0 2] dB for PUCCH format 1/2a/2b, [1, 3, 5] dB for PUCCH format 1b, and [-2, 0, 1, 2] dB for PUCCH format 2. Therefore, we believe that power control enhancement for PUCCH is necessary to realize different connection for each PUCCH format. Even if the range of 
[image: image9.wmf](

)

F

F_PUCCH

D

 is extended, so frequent RRC reconfiguration causes a severe overhead. The simplest solution would be separate TCP process for each format, but it was decided in RAN1#69 that TPC enhancements for PUCCH are not introduced in Rel-11.
Therefore, we think that separate VICD for PUCCH formats is not available in the real-life network without sufficient TPC enhancement. Hence, we should simply postpone this issue to Rel-12, in conjunction with power control enhancements.
Proposal:

· If separate VCID is introduced for PUCCH formats, power control process should also be separated.
3. Introduction of N(1)PUCCH_UE
During the email discussion after RAN1#69, the introduction of 
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 was discussed, but no consensus has been reached. While it is no doubt that 
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 can reduce the inter-cell interference, it is not clear whether 
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 can solve all the problems for legacy and legacy mode UEs. Note that “legacy mode UEs” means the UEs that are not configured VCID for PUCCH. Hereafter, we call these UEs “legacy UEs” for the simplicity. 
Figure 3 shows the simulation result for legacy UEs without closed-loop TPC for CoMP scenario 4, in terms of the SINR of received dynamic PUCCH format 1a/1b. In this evaluation, the only inter-cell interference is assumed, and the broken orthogonality by the UEs that uses the same PUCCH root sequence is not considered. In addition, fast fading is not considered as well to simplify the simulation, and long-term Rx power is used to calculate the inter-cell interference. 
In this evaluation, it is assumed that 
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 is used to separate RB resources between legacy UEs and Rel-11UEs, i.e. legacy UEs are not suffered from Rel-11 UEs. In this sense, the inter-point interference is relaxed, and optimistic results are shown in this result. 

[image: image14]
Figure 3 C.D.F of average received SINR of dynamic PUCCH format 1a/1b for legacy UEs in CoMP scenario 4 (no interference from VCID-UEs is assumed)

From this result, it is demonstrated that the pico UEs are still suffered from the inter-cell interference, and then many pico UEs (4 to 8%) cannot satisfy the target SINR of approximately -5 dB. The main reason for the degradation is TPC issue, i.e. pico UEs transmit higher power signal than the expectation as shown in Figure 2. This problem cannot solve by the standard techniques because the degradation is driven by only legacy UEs.
In summary, we think legacy UE issue is very complicated, and it would be difficult to come up with a single solution in Rel-11. More specifically, while eNB implementation based approach would anyway be necessary, other standard solutions such as 
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 should not be precluded in order to relax the problem, even if the overhead increases. 

Observation:
· It would be challenging to satisfy the target SINR of dynamic PUCCH for legacy UEs in CoMP scenario 4.
· The combination of multiple approaches would be necessary in the real-life network to overcome the legacy UE issue, thus standard solution such as 
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 should not be precluded.
4. Conclusion
In this contribution, we shared our views on the remaining issues of PUCCH resource and sequence to support UL CoMP. Our proposals and observations are summarized as following:
· If separate VCID is introduced for PUCCH formats, power control process should also be separated.
· It would be challenging to satisfy the target SINR of dynamic PUCCH for legacy UEs in CoMP scenario 4.
· The combination of multiple approaches would be necessary in the real-life network to overcome the legacy UE issue, thus standard solution such as 
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5. Annex
Table 1 Simulation Assumptions

	Parameter
	Explanation/Assumption

	Carrier Frequency
	2.0 GHz

	Cell Layout
	CoMP configuration in TR36.814 and TR36.819
57 macro eNBs

	UE drop configuration
	Config #4b (clustered) and #1(uniform)

	Number of UEs 
	30 UEs per macro cell area for Config #4b, and
25 UEs per macro cell area for Config #1
80% are indoor 

	Number of LPN per macro
	4

	CoMP scenario
	Scenario 4
CRS is transmitted from all points by SFN

	Power Control
	P0_PUCCH  -106 

	Reception point selection
	pathloss based

	Transmission power
	Macro: 46 dBm
Pico: 30 dBm

	ACK/NACK generation
	random, no limitation for the number of co-scheduled UEs

	Number of PUCCH RBs used for dynamic ACK/NACK
	3
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	CoMP coordination 
	1 macro eNB and 4 pico eNBs 
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