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Discussion and Decision
1. Introduction

In RAN1#69, the following agreements were made w.r.t. pilot design
Agreements:

· Support at least 2 scheduled non-precoded pilots in addition to common pilots

· Scheduled non-precoded pilots use separate channelization codes and same spreading factor as common pilots

· RRC configured fixed power offsets for both additional common pilots and scheduled non-precoded pilots

Working assumption:

· Scheduled non-precoded pilots are controlled by the network

· Separate signalling through HS-SCCH orders

· Scheduled always together with HS-PDSCH of a UE configured for 4 branch MIMO

· NodeB waits for the ACK of the order before applying the change

Further discussion needed on:

· Need to allow for a 3rd scheduled non-precoded pilot

· Power offset range for new pilots is FFS

· For CQI estimation UE shall rely on common pilots only

In this contribution, we first discuss the issue whether the working status of non-precoded scheduled pilots should be activated / deactivated by the network. The remaining issues listed in the chairman notes will also be discussed.
2. The control of scheduled non-precoded pilots
In RAN1#69, a scheme using scheduled non-precoded pilots was confirmed to be used in 4-branch MIMO. There are four common pilot channels (P-CPICH, S-CPICH1, S-CPICH2 and S-CPICH3) used for channel sounding, and at least two scheduled non-precoded pilot channels (S-CPICH4 and S-CPICH5) transmitted on antenna port 3 and antenna port 4 using separate channelization codes, and used for data demodulation. The scheduled non-precoded pilots should be scheduled always together with HS-PDSCH of a UE configured for 4 branch MIMO. 
It was also discussed whether the working status of the non-precoded scheduled pilots should be activated/deactivated by the network, and the working assumptions reported in Sec.1 were made. In this section, we further discuss this topic.
2.1 Scheduled pilots without activation/deactivation signalling
In this scheme, there is no need to introduce any signalling to deactivate the working status of scheduled pilots. The working status for scheduled non-precoded pilots will be always activated and the scheduled non-precoded pilots will be scheduled always together with the HS-PDSCH of at least one UE configured for 4 branch MIMO.
2.2 HS-SCCH order to activate/deactivate working status of scheduled pilots
In RAN#69, it was also discussed non-precoded scheduled pilots controlled by the network. The network should have the ability to deactivate the scheduled pilot, for example for a period of time during which only UEs in low geometry are scheduled. And when high geometry UEs are scheduled, the network should activate the scheduled pilots.
A method using HS-SCCH order is advised as working assumption for activating/deactivating the working status for scheduled pilots. Node B sends an HS-SCCH order to the 4 Branch MIMO UEs in the cell, and the UE transmits an ACK to NodeB. If the HS-SCCH order is for activating, UE can use scheduled pilot channels for demodulation, otherwise if it is a deactivating HS-SCCH order, UE will use only common pilot channels for demodulation.
2.3 Whether or not to activate/deactivate working status of scheduled pilots

The expected benefits for activating/deactivating the working status of scheduled pilots are to save some power of pilot for the data channel and to reduce the interference to legacy UEs.

For the first benefit, from the simulation results shown in [1] (Figs 2 and 3), although the saved pilot power is used on HS-PDSCH, the demodulation performance still has some loss. Even though we can see that the loss is small in some cases, in other cases,e.g. for 4x2 UEs, the loss can be as high as about 10%. Therefore, it can be concluded that the saved power actually should be used for scheduled pilot rather than for HS-PDSCH. 
The second benefit is reducing the interference to legacy UEs because the scheduled pilots are not transmitted after the network deactivates working status of scheduled pilots. The interference problem for scheduled pilots is different from that for common pilots. The common pilots on 3rd/4th antenna ports are a continuous interference source for legacy UEs. For the TTIs in which no 4-branch MIMO UE is scheduled in the cell, the common pilots will be the major interference source. The scheduled pilots are only transmitted in TTIs in which at least one 4-branch MIMO UE is scheduled. This means that if the scheduled pilots are transmitted, HS-PDSCH must be transmitted in the same TTI. Given that the power of HS-PDSCH is usually higher than that of the scheduled pilots, the major interference source in those TTIs is the data channel (HS-PDSCH) rather than the pilots (or scheduled pilots). Based on this consideration, in a TTI where 4-branch MIMO UEs are scheduled, the benefit of deactivating the scheduled pilots is limited with respect to reducing interference to legacy UEs.
In summary, we agree to the working assumption to control the working status for scheduled pilots with HS-SCCH orders, however, we also see that the benefit of activating/deactivating the working status of scheduled pilots is limited and this ability requires explicit signalling. Furthermore, if activation/de-activation for scheduled pilot is introduced, it seems reasonable that the working status of scheduled pilots is deactivated only when all 4-branch MIMO UEs in the cell are in low geometry area for a long time period in order to avoid frequent signalling to activate/deactivate the scheduled pilots.
3. Other aspects for scheduled pilots

3.1 CQI estimation
It was proposed in RAN1#69 that for CQI estimation the UE shall rely on common pilots only. We think that only the minimum power offset setting of common pilot for CSI estimation should be specified in the standard. There is no need to specify how UEs perform channel estimation and CSI estimation and this should be left to implementation. 
3.2 Power offset range for new pilots

Power offset range for sounding pilots (S-CPICH2 and S-CPICH3)

The new common pilots, S-CPICH2 and S-CPICH3, are used for CSI estimation. According to the system level simulation results from [2], we can see that if the power for S-CPICH2 and S-CPICH3 are set to be larger than -19dB the performance for legacy UE will degrade more than 10%. Therefore, the maximum power for S-CPICH2 and S-CPICH3 should be -19dB.
Proposal 1: In scheduled pilot scheme, the maximum power setting for sounding pilots (S-CPICH2 and S-CPICH3) should be -19dB.
Power offset range for scheduled pilot (S-CPICH4 and S-CPICH5)

The additional new scheduled pilots, S-CPICH4 and S-CPICH5, are used for data demodulation. S-CPICH4 and S-CPICH5 can be used together with S-CPICH2 and S-CPICH3 to get the channel estimation for demodulation. From Fig. 5 in [2], also copied in the Appendix, we can see that for the scheduled pilot scheme, when total pilot power setting on 3rd/4th antenna ports is the same but power allocations between sounding pilots and scheduled pilots is different, the demodulation performance is still similar. Therefore, in this contribution we can use the simulation results from common only pilots to determine the range for the total pilot power on 3rd/4th antenna ports in scheduled pilot scheme. By extracting the power for S-CPICH2/S-CPICH3 we can get the power range for S-CPICH4 and S-CPICH5.
Fig. 3 in [2], also copied in the Appendix, gives the link performance for the common only pilot scheme. From these simulation results, we can get the recommended range for the total pilot power on 3rd/4th antenna ports in the scheduled pilot scheme. The baseline is the performance for the common only pilot scheme with the power setting of (-10dB, -13dB, -13dB, -13dB) on the 4 antenna ports. The largest performance degradation caused by reduced pilot power occurs at large geometry (25dB Ior/Ioc), and we can see that when the total pilot power is -15.6dB the performance degrades about 10% compared with the baseline. Therefore, the recommended minimum total pilot power on 3rd/4th antenna ports should be -15dB. If the maximum power -19dB for sounding pilots is used, by extracting the power for sounding pilots the minimum power for S-CPICH5/S-CPICH6 should be -18dB. Given that the power setting for P-CPICH is -10dB, the power offset range for S-CPICH5/S-CPICH6 relative to power for P-CPICH should be in the range of [-8dB, 0dB].
Proposal 2: In scheduled pilot scheme, the power offset range for scheduled pilots S-CPICH5/S-CPICH6 relative to the power for P-CPICH should be in the range of [-8dB, 0dB].
4. Conclusions
In summary we make the following observations and proposals.
Based on above analysis, the benefit of deactivating the working status of scheduled pilot seems limited, and this ability requires explicit signalling. Therefore, scheduled non-precoded pilots might not need to be controlled by the network. However, if the network controls the working status for scheduled pilots, HS-SCCH orders should be introduced to support it. 

Proposal 1: In scheduled pilot scheme, the maximum power setting for sounding pilots (S-CPICH2 and S-CPICH3) should be -19dB.

Proposal 2: In scheduled pilot scheme, the power offset range for scheduled pilots S-CPICH5/S-CPICH6 relative to the power for P-CPICH should be in the range of [-8dB, 0dB].
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Appendix
The system level simulation result in [2] is attached as in Fig 4. It illustrates the interference impacts on legacy UE for different sounding pilot power settings. We can see that if the power for S-CPICH2 and S-CPICH3 are set to be larger than -19dB the performance for legacy UE will degrades larger than 10%.
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Fig 4 Average UE throughput and cell throughput for different CPICH power setting
The link performance for scheduled pilot scheme in [2] is attached as in Fig 5. We can see that for scheduled pilot scheme, even though the power allocations between sounding pilots and scheduled pilots are different, as long as the total pilot power on 3rd/4th antenna is the same the demodulation performances will be very similar.
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Fig 5 Throughput of 4Tx MIMO for different scheduled power settings
The link level simulation results from [2] is attached as Fig 6. It gives the link performance for common only pilot scheme. The largest performance degradation caused by reduced pilot power occurs on highest geometry (25dB Ior/Ioc), and we can see that when the total pilot power is -15.6dB the performance degrades about 10% compared with the baseline
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Fig 6 Throughput of 4Tx MIMO for different CPICH power settings
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