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1 Introduction

This contribution captures views from companies provided under the email discussion “[82-04] Joint Coding vs. Separate Coding” on the use of joint coding (JC) versus separate coding (SC) for the various UCI types (HARQ-ACK, P/A-CSI, SR) in eCA. Companies were requested to identify trade-offs between JC and SC according to the metrics of performance (BLER, overhead) and complexity (specification, implementation, testing). 
The discussions were not conclusive but some observations and proposals are provided in order to hopefully facilitate further discussions.
2 Observations from Discussion on JC vs. SC
Based on the email discussions, the following main issues are identified together with respective observations and occasional proposals on aspects that did not seem to have differing opinions.

Issue 1: Whether the design should consider similar BLERs (e.g. around 1%) or materially different BLERs (e.g. by 1 order of magnitude) for the different UCI types

Proposal 1: The design should assume similar BLERs for the different UCI types

Issue 2: BLER for Joint Coding vs. Separate Coding

Observation 1: There were differing opinions whether JC or SC provide better BLER. Aspects to consider include reference values for the total and individual UCI payloads (mainly for HARQ-ACK and P-CSI) and reference values for the individual BLERs. For example, for 1% target BLER for both P-CSI and HARQ-ACK and for total payloads in the range where the coding gain of TBCC does not flatten out as the payload increases (e.g. below ~130 bits) in order for JC to provide coding gains, JC performs better (see R1-155588). Conversely, for 1% BLER for HARQ-ACK and 4% BLER for P-CSI, relatively large individual UCI payloads and total payloads of ~140 bits, SC performs better (see R1-155714). Further discussion is needed on the reference use-case values for the individual/total UCI payloads, if any, and/or for the individual BLERs, and/or for the coding method (e.g. possibility for turbo coding above [130] bits total payload to achieve coding gains).    

Issue 3: Power Control for new PUCCH Format

Observation 2: For joint coding, power control can be based either on the Rel-12 formula for PUCCH or on the Rel-12 formula for UCI-only PUSCH. For separate coding, further discussion is needed about how a power control formula can be based on the Rel-12 formula for PUCCH in case of different individual UCI BLERs.
Issue 4: Whether different coding methods should apply on new (PUSCH-based) PUCCH format and on PUSCH 

Observation 3: Companies proposing separate coding on PUSCH-based PUCCH unanimously suggested that there should be no difference. However, a majority of companies proposing joint coding on PUSCH-based PUCCH format proposed that separate coding should instead apply on PUSCH (including UCI-only PUSCH). Separate coding seems agreeable at least for A-CSI (CQI/PMI) and RI. For HARQ-ACK and CQI/PMI on PUSCH further discussion is needed particularly if joint coding is agreed for their transmission on PUSCH-based PUCCH and if HARQ-ACK multiplexing by separate coding is intended to be different than in Rel-12 (e.g. not restricted around the DMRS). 

Proposal 2: A-CSI and RI are separately coded in the PUSCH.
Issue 5: Specification Impact
Observation 4: It was generally agreeable that separate coding is expected to have a larger specification impact. However, it was also mentioned that separate coding on PUSCH-based PUCCH can reuse the same principles as existing separate coding on PUSCH. 
Issue 6: Whether the design affects prioritization of one UCI type (e.g. HARQ-ACK) over another UCI type (e.g. CQI/PMI)

Observation 5: Although prioritization of HARQ-ACK over P-CSI was mentioned as an advantage of separate coding over joint coding (e.g. by Huawei and DOCOMO), the reason why joint coding cannot achieve same prioritization is unclear. 
3 [82-04] Discussion on Trade-offs for JC vs. SC 
Issue 1: Attributes of joint coding and separate coding in terms of BLER and/or required resources/power for:

a) HARQ-ACK and P-CSI
b) HARQ-ACK and A-CSI
c) HARQ-ACK and SR
d) HARQ-ACK and RI

e) P-CSI and SR

f) P-CSI and RI
g) A-CSI and RI
h) HARQ-ACK + P-CSI + SR

i) HARQ-ACK + P-CSI + RI

j) HARQ-ACK + P-CSI + SR + RI

k) HARQ-ACK + A-CSI + RI

	Company name
	Views

	Samsung
	Due to the CRC for encoded HARQ-ACK payloads in eCA, the target BLER is 1%. This makes the target BLER similar for all UCI types in a typical use case. Then, joint coding is preferable to separate coding as it allows for larger coding gains, single CRC overhead, and results to lower BLER or smaller transmission power in the PUCCH and less REs for multiplexing in the PUSCH. It also results to simple specifications. 
In other use cases, if the target BLER for CQI/PMI is much higher, e.g. 10%, separate coding can be beneficial. The UCI type that may have different BLER that other ones is the CQI/PMI. Then, separate coding for CQI/PMI and other UCI types can also be supported.  Joint coding can be maintained for HARQ-ACK and SR or HARQ-ACK and RI.


	Nokia Networks
	We agree with Samsung that in case different UCI fields have similar BLER targets, and are transmitted on PUCCH, joint coding is the best solution. In our view this is the typical scenario and should be supported. 

The need for separate coding on PUCCH is more questionable. We see separate encoding rather as an optimization which in some cases may allow for some resource saving and consequently potentially also performance benefits. On the other hand, this comes at the cost of increased complexity, given that the payload sizes of different UCI fields will vary from one subframe to another and in order to get maximum benefits, one would need to carefully consider whether separate or joint coding should be applied in a given subframe, as well as what is the exact resource split between different UCI fields. In our view the need for separate encoding of different UCI fields on PUCCH is somewhat unclear and the gain vs. Complexity of separate coding would need to be considered carefully before support for separate coding could be agreed.

Cases b, g, and k above are for UCI on PUSCH and they are slightly different in a sense that A-CSI contains full CSI in one subframe including also RI, based on which the payload size of the rest of the CSI is determined. This motivates retaining the principle of encoding RI separately from the rest of the PUSCH contents. The simplest way to achieve this is to keep the same multiplexing principles for UCI on PUSCH as in Rel-12, i.e. RI, HARQ-ACK and CQI/PMI are each separately encoded.   


	Ericsson
	With joint coding, the BLER for different UCI types are enforced to be same. Given that it was agreed 8-bit CRC will be applied for HARQ-ACK bits when it is larger than 22 bits, the BLER target becomes 1% in order to ensure ACK-> NACK error rate requirement. This consequently results in 1% BLER for other UCI types. We agree with Samsung that the benefit of joint coding includes the coding gain, CRC overhead reduction and specification complexity. Besides, the resource mapping and power control for joint coding is simpler than separate coding for PUCCH. 

With separate coding, the different pperformance requirements for different UCI types can be accounted. Currently, separate coding is used for UCI on PUSCH with and without UL-SCH data. Our view is that separate coding can be reused for UCI on PUSCH discussion for Rel-13 CA enhancement.


	Huawei, HiSilicon
	Even if the target BLER for HARQ-ACK and CSI on the PUSCH-based PUCCH format structure is similar, the HARQ-ACK still has higher priority compared with CSI. Therefore, the HARQ-ACK transmission performance should still be guaranteed firstly, RE allocation and separate coding can be used to ensure sufficient performance of HARQ-ACK. Then number of p-CSI reports may be determined by the rest of the available REs on the PUCCH. Having relaxed performance for the CSI reports in comparison to the HARQ-ACK, improves the chances for increasing the number of p-CSI reports from multiple carriers and avoids dropping of some p-CSI reports. 
In the current specification, when HARQ-ACK, RI, and CQI/PMI is transmitted on PUSCH with/out UL-SCH, they are separately encoded and allocated separate modulation symbols on the PUSCH. We can consider reusing the similar RE allocation rule and power control principle of UCI on PUSCH to reduce the standard effort and implementation complexity.  Therefore, separate coding and corresponding RE number calculation scheme is preferred slightly when HARQ-ACK and CSI are multiplexed in the PUSCH-based PUCCH format. RI/PTI has higher priority compared with CQI/PMI and joint coding of HARQ-ACK and RI/PTI may be considered.


	Intel 
	The primary benefit of separate encoding is that it can provide better energy efficiency by adjusting the code rates for HARQ-ACK and P-CSI to meet their respective target BLERs. In last meeting, RAN1 decided that 8-bit CRC is included in the HARQ-ACK transmission if the payload is larger than 22 bits. With this agreement, the performance target of HARQ-ACK bits is dominated by the requirement of Prob(ACK->NACK) = 1%. In other words, the CSI and HARQ-ACK have similar BLER targets. 
The disadvantages of separate coding are the more complex specification, testing, and implementation, e.g. how to implement the optimal resource element partition between different types of UCIs and how to define new transmission power control functionality. 

In our view, this increased effort needs to be justified by clear benefit, which have not been well demonstrated so far. Hence, our preference is to adopt the joint coding approach for multiplexing HARQ-ACK and P-CSI on new PUCCH format. 

For UCI on PUSCH, Rel-12 multiplexing mechanism should be reused with conducting separate coding for respective UCIs.  


	DOCOMO
	We share the view with Huawei; it is worthwhile investigating separate coding applied to HARQ-ACK/SR and P-CSI further. Although the BLER requirement for HARQ-ACK/SR and CSI on the new PUSCH format is similar/ same due to the CRC attachment, the priority of HARQ-ACK/SR should still be higher than that of CSI. With separate coding and appropriate RE split/allocation, the coding rates of the UCIs can be properly controlled. With joint coding, the required SINR for HARQ-ACK/SR is determined by the number of P-CSIs on the PUCCH rather than the HARQ-ACK/SR itself. From the perspective, separate coding with appropriate RE allocation for different UCIs is more preferable.


	CATT
	New PUCCH format is designed to carry large number of HARQ-ACK bits.  The number of HARQ-ACK bits might not be smaller than that of P-CSI bits.   Thus, joint coding will be simpler and straight forward for multiplexing HARQ-ACK bits and P-CSI bits although each has different required SINR to meet the performance requirements.  

The issue of using UCI on PUSCH principle for Rel-13 UCI on PUSCH-like new PUCCH format is that the number of HARQ-ACK bits might be too large to fit into existing UCI on PUSCH framework.   


	LG
	For multiple different UCIs on PUCCH, we share the similar view with Nokia and Intel that since HARQ-ACK with CRC and periodic CSI have similar target BLER in Rel-13 eCA, joint coding for the UCIs on PUCCH is preferable with consideration of relevant complexity and standard efforts, even though it might be beneficial to apply separate coding between CQI/PMI and other UCIs (e.g. HARQ-ACK/SR/RI) as Samsung’s view. 
For multiple different UCIs on PUSCH, reusing the existing Rel-12 mechanism, i.e., separate coding for each UCI (e.g. HARQ-ACK, RI, CQI/PMI) is preferred. 


	Qualcomm
	Generally speaking, HARK-ACK, SR, and some CSI types (such as RI/PTI) may have similar performance target, but other CSI types typically have much less stringent performance target. As a result, it is preferable to consider separate coding and resource mapping for improved link efficiency. As shown in our contribution R1-155714, separate coding and resource mapping for HARQ-ACK and CSI in the new PUCCH format(s) bring about 1dB gain when CSI is without CRC and about 0.5dB gain when CSI is with CRC, compared with joint coding.

It is also worth noting that currently UCI on PUSCH is separately coded and mapped, which stresses the need for separate coding and resource mapping when UCI, potentially with very large payload sizes, should also use similar mechanisms.  



Issue 2: Multiplexing, RE allocation, and UE transmission power for the UCI types with joint coding and with separate coding for transmission on:

a) New PUSCH-based PUCCH 

b) UCI-only PUSCH

a. Should UCI transmission in PUSCH-based PUCCH have same or different attributes than in UCI-only PUSCH?

	Company name
	Views

	Samsung
	For joint coding, all UCI types are equivalent and the combined payload can simply be viewed as a larger HARQ-ACK payload. The transmission power control can assume all UCI bits are HARQ-ACK. For transmission in the PUSCH, since payload size of CQI/PMI is dependent on RI, separate coding of RI and CQI/PMI is needed. 
For separate coding of CSI and HARQ-ACK/SR, RE allocation must satisfy that the code rate for HARQ-ACK/SR and CSI do not exceed respective configured maximum code rates. In case the available Res are not enough, part or all of the CSI are dropped. In case the available Res are more than required for the maximum code rates, the Res can be distributed to HARQ-ACK/SR and CSI according to some specified rule.  The transmission power should satisfy that each individual UCI meets its respective BLER target.  
For both joint coding and separate coding, the Rel-12 power control formula for CSI-only PUSCH can be re-used or a new PUCCH-like power control formula can be developed. 


	Nokia Networks
	Regarding a): We agree with Samsung that in the case of joint coding, all UCI fields can simply be viewed as a larger HARQ-ACK payload. 

In order to handle coverage limited cases, there may be a need to limit the maximum payload to a specific upper bound based on e.g. RRC configuration by the eNodeB. The UCI(CSI) exceeding the configured maximum payload can be dropped based on the existing UCI prioritization rules.

Regarding UCI-only transmission on PUSCH, as discussed related to issue 1, we see that the straight forward option would be to keep the same principles as in Rel-12, i.e. different UCI fields (HARQ-ACK, RI, A-CSI) are separately encoded. 

For the new PUSCH-like PUCCH format, the Rel-12 PUCCH power control formula can be used as a starting point. Values for PUCCH format dependent scaling parameters need to defined for the new PUCCH format

Rel-12 PC formula for CSI-only PUSCH can be reused for UCI only transmission on PUSCH.

	Ericsson
	We share the similar view with Samsung and Nokia that all UCI types are treated as HARQ-ACK bits with joint coding. The resource mapping could follow the PUSCH resource mapping. The power control can reuse the existing power control scheme for PUCCH. The essential issue is to determine the two parameters 
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for the new PUCCH.
For UCI-only PUSCH, it is possible to reuse the existing principles as in Rel-12 for both resource mapping and power control. 


	Huawei, HiSilicon
	For PUSCH-based PUCCH format, as discussed related to issue 1, separate coding is slightly preferred and the number of Res for different UCI types can be calculated according to similar principles as for UCI on PUSCH; The existing power control scheme for PUCCH format 3 can be reused, with considering the new function 
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For UCI on PUSCH without UL-SCH, current separate coding and resource mapping should be kept. The existing power control scheme for UCI on PUSCH without UL-SCH in Rel-12 can be reused.


	Intel
	Regarding joint coding of UCIs on PUCCH, we shared the similar view that all UCIs are concatenated before channel coding operation. The RE mapping can go in a time-first-then-frequency order, which is same as for PUSCH, to reduce the complexity of UE and eNB implementation. On power control for new PUCCH format, two PUCCH-format-dependent parameters, 
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, need to be defined. 

For UCI on PUSCH without UL-SCH, separate coding scheme and Rel-12 PC formula for CSI-only PUSCH can be reused. 



For separate coding of CSI and HARQ-ACK/SR on new PUCCH format, RE allocation should satisfy the required code rates for HARQ-ACK/SR and CSI respectively. HARQ-ACK(s)/SR shall not be dropped and shall be prioritized for RE allocation, while P-CSI(s) can be dropped when a certain condition is met. Regarding the power control for the new PUCCH format, current PUCCH power control formula should be the baseline. Besides, the specified RE allocation for different UCI may have an impact on the TPC offset value. 

	For UCI on PUSCH without UL-SCH, separate coding as in legacy releases would be sufficient, while whether or not multiple beta-offset is necessary can be considered. Rel-12 power control can be mostly reused in this case.

	

	CATT
	We share similar view that all UCIs are concatenated before joint coding.  Additional enhancement of UCI concatenation could be done to meet different performance requirements.  The UCI resource mapping should be similar to the PUSCH resource mapping for new PUCCH format. We can reuse the existing power control scheme for new PUCCH format with independent control parameters.


	LG
	For the case of new PUSCH-based PUCCH, we share the similar view with Intel that all the UCIs are concatenated before channel coding and the RE mapping after coding can be done in time-first manner as for CQI/PMI or UL-SCH in PUSCH, while further consideration may be necessary on power control aspect (e.g. which one could be useful between PUCCH PC formula and PUSCH PC formula).
For the case of UCI-only PUSCH, it is preferred to reuse the existing Rel-12 mechanism (e.g. UCI multiplexing, RE mapping, PC formula) based on separate coding. 


	Qualcomm
	We don’t see a strong need to differentiate the cases when PUCCH is used, or when PUSCH without UL-SCH is used with the same number of RB, unless benefits can be shown. It is also noted that there may be a need to relax the limitation of the maximum amount of REs (4 symbols/subframe) that can be allocated to HARQ-ACK due to increased HARQ-ACK payload sizes.


Issue 3: Multiplexing, RE allocation, and UE transmission power for the UCI types with joint coding and with separate coding for transmission with data on PUSCH.

	Company name
	Views

	Samsung
	Similar to PUSCH-based PUCCH format if HARQ-ACK and P-CSI are transmitted on PUSCH and similar to UCI-only PUSCH if HARQ-ACK and A-CSI are transmitted on PUSCH. 
For joint coding, a single beta_offset value is used according to the total UCI payload. For separate coding, multiple respective beta_offset values are used according to each individual UCI payload.
Transmission power control is done based on UL data transmission.
 

	Nokia Networks
	In our view the starting point should be the same kind of RE mapping as in Rel-12, i.e. different UCI fields (HARQ-ACK, RI, A-CSI) are separately encoded.  Rel-12 power control for UL data transmission can be reused.


	Ericsson
	We share the similar view with Nokia.


	Huawei, HiSilicon
	We share the similar view with Nokia.


	Intel 
	We share the similar view with Nokia Networks in both RE mapping and power control aspects.
 

	DOCOMO
	We share the similar view with Nokia, in this case, separate coding as in legacy releases would be sufficient.


	CATT
	Our view is that we should not re-use similar RE mapping as that in Rel-12 since the number of UCI bits are expected to be large and comparable to the data payload size.  We could use the same principle of multiplexing of HARQ-ARQ and P-CSI for multiplexing UCI and data since the size of UCI could be potentially larger than that of data.  We need to investigate this issue carefully.


	LG
	We share the similar view with Nokia, i.e., to reuse the existing Rel-12 mechanism based on separate coding for different UCIs. 


	Qualcomm
	We can use the current UCI multiplexing on PUSCH as a starting point. It is also noted that there may be a need to relax the limitation of the maximum amount of REs (4 symbols/subframe) that can be allocated to HARQ-ACK due to increased HARQ-ACK payload sizes.


Other Issues: Any other issue related to trade-offs between joint coding and separate coding for UCI in eCA. 

	Company name
	Views
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