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1. Introduction
The spec impacts of UL CoMP were discussed in RAN1#66bis, and the followings were agreed: 
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In this contribution, we share our view on UL RS enhancements to support efficient UL CoMP, in addition to the completion of the missing SRS functionalities in Rel-10.
2. DMRS – Necessity of Inter-cell Orthogonality
As discussed in [1], the performance of CoMP highly depends on channel estimation accuracy, and inter-cell orthogonality is important to maximize the gain. In Rel-10, non-equal bandwidth MU-MIMO is agreed as an important feature, and OCC is introduced to achieve the perfect orthogonality between UEs with non-identical RB allocation. This means that the perfect orthogonality of UL DMRS is deemed to be a very important feature in Rel-10. On the other hand, the situation is the same for Rel-11 CoMP because CoMP may use spatial equalization to cancel inter-cell interference, and more accurate channel estimation is required for both equal / non-equal bandwidth assignment. We believe the same mechanism as MU-MIMO should be supported for CoMP so as to apply a common scheduling algorithm.
Observation:

· It is natural to consider perfect inter-cell orthogonality for UL DMRS, as Rel-10 MU-MIMO
· The orthogonality should be achieved for both equal and non-equal bandwidth allocation.
Figure 1 shows the preliminary simulation results to confirm the degradation by use of pseudo orthogonal DMRS instead of perfect orthogonal DMRS. The number of UEs and eNBs are two, respectively, to simplify the evaluation model. The result shows normalized throughput as function of the power of inter-cell interference from another UE (i.e. average IoT). “Perfect orthogonal DMRS” in Figure 1(b) means that the same root ZC sequence is assigned for both UEs and cyclic shifts (CSs) with CS space 6 is assigned. “Pseudo orthogonal DMRS” in Figure 1(b) means that different root ZC sequence is assigned by using different cell-ID between UE 1 and UE 2. Regarding channel estimation scheme, completely the same algorithm is used for both cases.
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	(a) Model of link level CoMP simulation
	(b) simulation result as function of alpha


Figure 1 Link level simulation of two-UE and two-eNB CoMP
This result clearly shows that “Perfect orthogonal DMRS” can exploit inter-cell interference, resulting in the performance gain. Thus strong inter-cell interference does not cause any problems. Therefore, setting higher Tx power would be possible and contribute to improve the performance. On the other hand, “Pseudo orthogonal DMRS” doesn’t show the clear performance gain, because the channel estimation error becomes more harmful as IoT increases, and the gain by CoMP is cancelled. However, Pseudo orthogonal DMRS can still obtain gain over non-CoMP case in the stronger interference situation. 
Observation:

· CoMP gain can be obtained partly even if pseudo orthogonal DMRS is used.
· However, more gain can be achieved by using perfect orthogonal DMRS.
Considering above, we propose the following for UL DMRS enhancements:
Proposals:
· Perfect orthogonality of inter-cell DMRS is important to maximize the gain by CoMP.
· In addition to equal bandwidth orthogonality, non-equal bandwidth orthogonality should be discussed. 

3. SRS – Necessity of Frequency Hopping for A-SRS
In Rel-10, aperiodic SRS (A-SRS) is supported in addition to periodic SRS (P-SRS) to achieve more efficient resource management. However, the frequency hopping as in Rel-8 P-SRS is not supported for A-SRS. In our view, frequency hopping is a mandatory feature to support wider-band sounding for power-limited UEs. Furthermore, if frequency hopping is NOT supported for A-SRS but for P-SRS, which means that A-SPS and P-SRS are not compatible to each other, then their co-existence is not allowed. Therefore, frequency hopping for A-SRS should be agreed to complete the A-SRS functionalities.
Proposal:

· Frequency hopping should be supported for A-SRS, because the current specs for A-SRS is incomplete.
On the other hand, support of the multi-shot A-SRS is discussed together with frequency hopping, because short-span triggering is preferable to obtain wider-band channel information. In our view, the concept of multi-shot A-SRS itself is natural because A-SRS is contiguously triggered as long as UL buffer is not empty. It is noted that the support of multi-shot breaks nothing (expect for the number of functionalities) if the number of shots is configurable by the network. In any case, A-SRS from CoMP perspective was not discussed in Rel-10, this should be discussed throughout Rel-11 W.I. phase. 
Proposal:

· Multi-shot A-SRS should be studied more taking into account CoMP aspects, which was not discussed in Rel-10.
4. Conclusion

In this contribution, we shared our views on DMRS and SRS enhancements taking CoMP aspects into account. Our proposals are summarized as following:
Proposal:
· DMRS
· From operator’s perspective, it is preferable to avoid power control schemes that requires frequent RRC reconfiguration.
· SRS
· Frequency hopping should be supported for A-SRS, because the current specs for A-SRS is incomplete.
· Multi-shot A-SRS should be studied more taking into account CoMP aspects, which was not discussed in Rel-10.
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Annex
4.1. Simulation Assumptions
Table 1 Simulation Assumptions
	Parameter
	Explanation/Assumption

	Bandwidth
	10 MHz

	Carrier Frequency
	2.0 GHz

	Antennas Configuration
	Tx: 1, Rx: 2

	Number of UEs and eNBs
	2 and 2

	Channel Model
	TU6 uncorrelated
UE mobility: 3 kmph

	Resource assignment for UE
	5 RBs

	Receiver Type
	Linear MMSE

	Rank adaptation
	Rank1 only

	Link adaptation
	On, Target BLER = 10-1

	Sampling Frequency
	32.55 ns

	FFT size
	2048

	Number of Occupied Subcarriers
	552 subcarriers (46RBs) for PUSCH

	Channel Estimation 
	Realistic for demodulation
Ideal for sounding

	SRS configurations
	Delay from SRS to PUSCH transmission: 8 ms

	Cyclic Prefix Type
	Normal CP

	HARQ scheme
	Incremental Redundancy in TS 36.212

	Maximum Retransmission number
	4


Potential areas of standard impact in support of UL COMP includes:


Uplink power control


Uplink DMRS and SRS


Uplink control


Uplink timing


Impact of legacy UE should be taken into account 
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