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1 Introduction
At the RAN1 #80 meeting, some observations on enhancements to UL control signalling were identified for carrier aggregation (CA) beyond 5 carriers, which are listed below:
Observations:

· For possible enhancements to UL control signaling to PUCCH formats and UCI on PUSCH,

· At least the following enhancements to PUCCH and PUSCH feedback formats could be considered in order to support the increase in UL control information based for the 36.300 CA deployment scenarios:
· The studies should take the effect on DL throughput and UL operation points into account

After the RAN1#80 meeting, restricting increase of HARQ-ACK payload was captured by the email summary in [1]:

· At least the following enhancements to UL HARQ-ACK feedback signaling need to be considered/specified in order to support the increase in UL control information:

· Restricting increase of HARQ-ACK payload. Details FFS including

· HARQ-ACK bundling in spatial, time, and/or frequency domain

· Reducing the number of HARQ-ACK feedback bits associated with non-scheduled serving cells / subframes.
Some concerns were raised about whether HARQ-ACK bundling is required [2][3]. In this contribution, we provide detailed analysis on whether HARQ-ACK bundling is needed to support DL CA beyond 5 carriers for a power limited UE and the impact of HARQ-ACK bundling on DL throughput performance. 
2 Considerations on HARQ-ACK bundling 
The main motivation of HARQ-ACK bundling would be to reduce the HARQ-ACK payload in order to support CA with more than 5 carriers for UL power limited UEs. This is a questionable motivation since such UEs could be configured with CA up to 5 carriers according to Rel-12 principles. It should be noted, that no particular optimizations for power limited UEs were considered in Rel-10 CA and it is therefore unclear why that should be adopted for CA beyond 5 carriers. Moreover, as HARQ-ACK bundling may have significant specification impact and DL throughput reduction, it could only be motivated if a significant fraction of the UEs are power limited. This section analyzes whether PUCCH for DL CA beyond 5 carriers is power limited and discusses DL cell average throughput performance loss caused by HARQ-ACK bundling.
2.1 Power limited case in Rel-13 CA UL enhancements
In the RAN1#80bis meeting, for calibration purpose only, the simulation assumptions are agreed to generate the UL SINR CDF [4]

 REF _Ref419363633 \r \h 
[5] in Appendix. 

Based on simulation assumptions of the Rel-13 CA UL enhancements in [5], Figure.1 shows the CDF of PUCCH transmit power in Case 1 and Figure.2 shows the CDF of PUCCH transmit power in Case 2. 
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Figure.1 CDF of PUCCH transmit power when all UEs transmit PUCCH on the macro carrier frequency.
[image: image2.png]CDF

Case2: UE transmit PUCCH on the macro carter frequency o small cel carter frequency

—— PUCCH on the macra cartier
—— PUCCH on the small cell carter |

i -
55 50 45 40 35 30 25 20 15 10 5 0 5 10 15 20 25
PUCCH tx power(dB)

0



                                         

Figure.2 CDF of PUCCH transmit power when UEs transmit PUCCH either on the macro carrier frequency or on the small cell carrier frequency where the cell association is based on RSRP/RSRQ.
From Figure.1 and Figure.2, it can be seen that:

· If PUCCH on the small cell carrier, there are almost no power limited UEs which transmit PUCCH.

· If PUCCH on the macro carrier, about 8% of the UEs use 23 dBm to transmit PUCCH.
Therefore, in both cases, the PUCCH transmit power of about 92% UE is smaller than 23 dBm. It should be noted that these results are obtained using agreed parameters for calibration. It is expected that the PUCCH power control will be further enhanced once the design is finalized such that even better performance could be expected. 
Observation 1: For both cases, at least 92% of the UEs are not PUCCH transmit power limited.
In [6], link-level evaluations were made for both multi-PRB PUCCH format 3 and multi-PRB PUSCH based PUCCH format. The results show that for a given HARQ-ACK payload, performance gains are obtained by allocating multiple physical resource blocks (PRBs) per slot. These gains are large when the PUCCH transmit power scales with the number of allocated PRBs (i.e., the non-power limited UE case) but there are also gains, albeit smaller, when the PUCCH transmit power is kept the same as for a single PRB allocation (i.e., the power limited UE case).  

If we consider a power-limited UE, for PUCCH with a given K PRBs, at most an additional 10*log (K) dB power is needed compared with PUCCH with one PRB. The maximum number of allocated PRBs would depend on the PUCCH format. The most demanding case considered in [6] would be to use 6 PRBs. Even, in that case, from the CDFs of PUCCH TX power in Figure 1 and 2, we can find that at least 70% of the UEs (corresponding to 15 dB=23-10log (K), K=6) in case of PUCCH on macro cell carrier and at least 90% of the UEs (corresponding to 15dB) in case of PUCCH on small carrier which are still not power limited. If the PUCCH format uses fewer PRBs, obviously these numbers would be even larger. So the fraction of power limited UEs would not be significant and the motivation for HARQ-ACK bundling is small.
Observation 2: The TX power of a multi-PRB PUCCH format is not a limiting factor for most of UEs.
2.2 DL throughput performance loss caused by HARQ-ACK bundling
The types of bundling include time domain bundling, spatial bundling and frequency domain bundling. The spatial bundling was accepted in R10-CA for TDD due to small throughput loss. Time domain bundling can be used in TDD for non-CA and less than 2 CCs and PUCCH format 1b with channel selection configured case. The main motivation for time-domain bundling in Rel-10 was to accommodate the HARQ-ACK payload PUCCH format 1b with channel selection in order for early adoption of 2 DL carrier CA without requiring UEs to implement PUCCH format 3. For PUCCH format 3, time-domain bundling was not accepted in Rel-10 CA for more than 2 CCs configurations because of cell throughput loss exceeding 10 %. Besides, the frequency domain (cell domain) bundling was also discussed during Rel-10 but the throughput losses are expected to be larger due to the transmissions in different cells typically completely uncorrelated channels.
The system performance for time-domain bundling of 3GPP case 1 and 3GPP case 3 of Rel-10 CA were evaluated in [7] and is shown in Table 3
Table 3. System performance for time-domain bundling (3GPP case 1 and 3GPP case 3)
	
	3GPP Case 1
	3GPP Case 3

	
	performance
	Cell average (Mbps)
	Cell edge (kbps)
	Cell average (Mbps)
	Cell edge (kbps)

	No bundling
	throughput 
	22.13
	905.27
	16.77
	463.98

	
	perf. loss
	－
	－
	－
	－

	A/N time-domain bundling
	throughput
	19.33 
	808.24 
	14.43 
	406.68 

	
	perf. loss
	-12.65%
	-10.72%
	-13.95%
	-12.35%


From Table 3, it can be seen that A/N time-domain bundling will reducde the average DL throughput loss by 12%-14%. Furthermore, 

· The results of Table 3 assume CA with 2 CCs (each of 5 MHz) and the DL throughput loss could be expected to become larger in case of 32 CCs with wider bandwidth.

· The results of Table 3 assume a bundling window size of M=4 and the DL throughput loss is expected to larger when bundling window size increases (e.g., if M=9 in support of TDD UL/DL configuration 5).
Therefore it can be expected that there will be even larger throughput loss with HARQ-ACK time/frequency domain bundling for DL CA with up to 32 CCs.
Observation 3: HARQ-ACK time/frequency domain bundling would introduce significant DL average throughput loss for DL CA beyond 5 CCs.

In general, a main purpose of CA with more than 5 CCs is to increase the UE peak rate. It could be expected that the UEs which are configured for CA with more than 5 carriers would not benefit from HARQ-ACK bundling. Since the HARQ-ACK bundling (except of spatial bundling for TDD) was not introduced for PUCCH format 3 to support up to 5 carriers aggregation in Rel-10/11/12, we do not see the motivation for introducing it for CA with more than 5 CCs in case of UL coverage limitation. It does not seem justified to introduce HARQ-ACK bundling for better CA coverage but resulting in reduced DL throughput when the UE supports more than 5 CCs. So it would be not necessary to introduce HARQ-ACK time/frequency domain bundling because of UL power limitation with same design philosophy in R10/11/12 CA.
Based on above discussions and observations, we have following proposal
Proposal 1: HARQ-ACK time/frequency domain bundling for DL CA beyond 5 carriers should not be supported.
3 Conclusions

This contribution gives the PUCCH transmit power simulation results in agreed simulation assumptions for calibration purpose only and DL throughput performance loss caused by HARQ-ACK bundling. According the discussion and results, we have following observations and proposal:
Observation 1: For both cases, at least 92% of the UEs are not PUCCH transmit power limited.
Observation 2: The TX power of a multi-PRB PUCCH format is not a limiting factor for most of UEs.
Observation 3: HARQ-ACK time/frequency domain bundling would introduce significant DL average throughput loss for DL CA beyond 5 CCs.
Proposal 1: HARQ-ACK time/frequency domain bundling for DL CA beyond 5 carriers should not be supported.
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Appendix
· Deployment scenario: Rel-12 SCE2a
· PUCCH carrier frequency
· Case 1: All UEs transmit PUCCH on the macro carrier frequency
· Case 2: UEs transmit PUCCH either on the macro carrier frequency or on the small cell carrier frequency, based on RSRP/RSRQ
· Carrier number for small cells: 1
· Total BS TX power (Ptotal per carrier) for small cell eNB: 30dBm
· Number of clusters/buildings per macro cell geographical area: 1
· Number of small cells per cluster: 4
· Number of macro sites: 19
· PUCCH power control
· 
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is set such that the received PUCCH power at the UE’s serving eNB is 20 dB above AWGN variance
· Same UE PUCCH power control is applied in each cell.
· Number of interferers  in each neighbor cell is 1
· The interferer in each cell in each subframe is randomly selected.
· eNB noise figure
· Macro eNB: 5dB
· Small cell eNB: 7dB
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